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I, INTRODUCTION 


Vinyl Chloride Monomer, a gas used to produce the second most widely used plastic 
in the United States, has been shown to be carcinogenic. Thousands of workers in the 
United States and other countries ha 7 e been exposed to levels of this gas that now 
are presumed to be dangerous. The general public has also been exposed to low levels 
of vinyl chloride. The effects of these low levels are unknown. The Occupational 
Safety and Health Administration (OSHA) formulated an occupational standard for 
exposure to this gas which is presently being disputed in the U.S. Circuit Court, 
rhe major area of dispute seems to be whether OSHA f s standard can be put into effect 
without forcing the vinyl chloride industries.and vinyl-chloride-using plastic 
aakers to cease operations.. Some regulations protecting the general public from vinyl 
chloride in aerosol cans have been enacted and others, concerning environmental, vinyl 
chi ride and vinyl chloride residues in food, are being planned. ; 

This report was prepared in response to inquiries from members of Congress 
concerning the various occupational and other health issues associated with vinyl 
chloride* v-’v-- ■ t .■ V '-v-**-; L v ./ ?V'- 
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.IX- CHEMICAL PROPERTIES OF VINYL CHLORIDE (VCM) 


Vinyl chloride.monomer (VCM), Chemical Abstracts Service Registry No, 75014, has 
i molecular weight of 62.50 anil a boiling point of -13.37*0. VCM is a colorless gas 
it room temperature and pressure with a pleasant sweetish smell that can be detected 

i 

>y humans in air at levels of 2000 parts per million (ppm). - It is a synthetic organic 

j * ■ 

chemical made from ethylene or acetylene and chlorine by any of several processes. VCM 

i 

Is explosive at levels between 1.22 and 522 by volume in air. Prolonged exposure to 
levels above 6000 ppm can produce symptoms of intoxication. Higher levels can produce 
meansclousness. VCM is usually handled as a liquid under pressure. V £ / 


Jj American Industrial Hygiene Association. Hygiene Guide Series: Vinyl Chloride. 
Southfield, Michigan, American Industrial Hygiene Association, Aug., 1964: p.1-4. 

: ■ ■ ' ! 

_2J U.S. Occupational Safety and Health Administration. Final Environmental Impact 
; Stat emen t, Proposed Regulation: Vinyl Chloride. Washington, D:C., Sept. 5, 1974. 
p. 14-15. • ' . % 

J' 1 * — 7<’ 2'\l '.jvl.i' . 



HI. AMOUNT OF INDUSTRIAL PRODUCTION AND USES OF POLYVINYL CHLORIDE (PVC) 

Polyvinyl chloride (PVC) Is now the number two plastic in the United States in 
:rms of tonnage production. Over 5.4 billion pounds (2*43 million metric tonnes> of 
_nyl chloride and over 4.4 billion pounds (1,98 million metric tonnes) of polyvinyl 
lloride are consumed annually, 3/ ° 

Synthesis of vinyl chloride is conducted in 15 plants in the United States, Poly- 
nyl chloride resin is produced in 37 plants in the United States. Five new PVC 
:sln plants are under construction and together with expansion of five others will 
.eld an additional annual capacity of 1.378 billion pounds. B.F. Goodrich, Co, is 
* largest U.S. producer of PVC resins. PVC resins are compounded with additives in 
jproximately 200 plants. About 7500 plants, employing 350,000 workers, are engaged 
x fabricating products from PVC, 4/ 

The VCM-FVC industry for the past five years has shown an a nn ually compounded 
cowth rate of 14Z, PVC output has risen 70Z in the past five years. Limits to 
riBRf until 1974, seemed to be based upon the availability of the petroleum feed- 
;ock necessary for. the production of VCM. 5/ ' ‘V 

An Arthur D. Little study for the Society of Plastics Industries (SFI) states 
oat about 2.2 million jobs in the U.S. depend on the PVC industry. Hie market value 
f the gas and the resin made from It is perhaps $1,5 billion, Wholesale values of all 
coducts made from PVC is about $3 billion. The Arthur D. Little study estimates that 
a tween $65 and $90 billion dollars in sales and production would be lost annually If 
le material were banned, 6 / 

If Ibid, p. 42-43. 
y Ibid. 

y Putting VCM Emissions on Skids, Chemical Week, Sept. 18, 1974; p. 67* 

y What's Ahead for Vinyl Makers: Slowdown or End of the Road? Chemical Week, July 
.3, 1974. p. 7-8. 
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97% of all VCM is used for the manufacture of homopolymer and copolymer resins, 
le remainder is utilized for the production of methyl chloroform, additives and 
pecial coatings and, until recently, aerosol propellants. 

PVC is used in flooring and piping, apparel, insulation for electrical wiring, 
ackaging, upholstery, phonograph records, blood storage bags, medical devices, and 
a a multitude of other applications* The average General Motors car contains thirty 
o forty pounds of plastics manufactured from PVC. At 325 million pounds per year 
consumption, packaging is a major outlet of PVC resin produced. 79 million pounds 
ere used for bottles in 1973* 1*34 billion pounds of PVC, 25% of total PVC consumption, 

ent to make pipe and fittings for building industry* 464 million pounds went into 
looting. Total construction markets for PVC were well over 2 billion pounds or close 
o 43% of consumption by all industries. Auto upholstery, seat covers, mats and deco- 
ative tops accounted for 256 million pounds* More than 400 million pounds are used 
nnually on wire and cable as insulation, or about 10% of total production* Film and 
jMfc for packaging and coated fabrics account for 15% of all consumption. 7/ . 






m* 






J j Second Thoughts on Using PVC. Chemical Week, July 31, 1974. p* 19*20/ 


< ■ •* » •-*-Vi. ... L .ii/. 


It® 




R&s158330 










CRS - 5 


IV. INDUSTRIAL PRODUCTION METHODS 

The vinyl chloride industry is composed of three segments: monomer producers, 
polymer producers and fabricators. 

Vinyl chloride monomer is produced and. shipped as a compressed liquid’ 

1 ‘ , ' 
to polymerizations plants where the monomer is processed into homopolymer (consisting 

of only vinyl chloride) or copolymer (consisting of vinyl chloride and. some other 

monomer) resins. The PVC copolymer or homopolymer is compounded with additives. 

Compounding may occur in the same plant that produces the basic resins, in the 

fabricating plant, or in ‘a separate facility. Approximately 200 companies supply 

these compounded resins. Then, in granular form, as PVC paste (a fine powder with 

the texture of processed flour \ or PVC latex (a stable suspension of PVC in 

liquid), at the fabrication point the compounded resin is reheatea or otherwise 

treated to form final products, components, of other equipment, or materials used 

various industries. 

y’’]' Production of the vinyl chloride monomer is a large-scale continuous process. 
There are relatively few employees in this segment of the. industry because the 
processes lend themselves to automation. The Manufacturing. Chemists Association 
(MCA) 8/ estimates. that 1,500 people, work, in monomer production. Vinyl chloride 
monomer is synthesized from chlorine.and petrochemical feedstocks (usually ethylene) 
in a continuous closed process. The plants are open to the air and resemble oil 
refineries. In some cases they are attached to them. 


JB/ U.S. Occupational Health and Safety Administration. In formal „ Hearing. Informal 
Fact-Finding Hearings on Vinyl Chloride. February 15, 1974* Unpublished* 
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The basic chemical reaction which forms the polyvinyl chloride from the 


vinyl chloride monomer can be stated simply as: 

nCH 2 - CHC1 heat > 
catalyst 4 


(CH,-0HC1) 
z n 


where n (or any particular number) of vinyl chloride molecules In. the presence 

o 

of heat and a catalyst join together to form a polymerized chain, 9 / 

Polymerization is a chain reaction* The polymer chains will average 2,000 
monomer units with individual chains ranging from few to perhaps 10,000 units* The 
actual distribution of molecular weights of the polymer Chains, upon which the 
properties of the plastic depends>is.influenced by the polymerization method, 
the catalyst, the temperature, the fraction of monomar polymerized and the presence 
of impurities or additives which can terrnnate the growing chains* Comonomers - 
such as vinyl acetate, vinylidene chloride and acrylates may be added in small 
amounts with the vinyl chloride to contribute some desirable property* Depending 
^^^>n the p lymerization process and the reactivity of the comonomers used the 
comonomer may enter the PVC chain randomly or in blocks- These VC hooopolymers 
and copolymers- are generlcally known as PVC resins- They are generally found 
in the form of powders* 10 / \ * 

There are several methods of carrying out the polymerization of vinyl chloride; 
suspension, emulsion, solution, and bulk or mass methods. About 79% of U.S* PVC 
resin is produced by suspension polymerization, 13Z by emulsion, 61 by bulk and 
2Z by solution polymerization* OSHA estimates that between five and ten thousand 
workers are engaged in the industries producing PVC resins, 11/ 


_ ¥ American Chemical Society* Chemistry in the Economy, Washington, D.C*, 

American Chemical Society* Oct* 1973* p*67~68* 

Iff U*S* Occupational Safety and Health Administration, Final Environmental 
Impact Statement* p. 31-64* 

_LV ibid. . * ■ ■■■■? '' , 
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Polvmerization is a batch process. Vinyl chloride monomer, as a compressed 
liquid* is put into a pressurized vat (110 to 160 psi) with other substances and 
a catalyst. Water or organic solvents may be added, or (as in bulk polymerization) 
the process may take place without the addition of liquids. Heat is applied 
(120 to 150* F) and after several hours the vat is emptied, opened and cleaned 
for the next batch. 

The reactor kettle, or vat, is an autoclave where the reaction takes place. 

The usual capacity is 2,COO to 5*000 gallons but newer units hold as much as 

35,000 gallons. Conversion of 85Z to 901 of the monomer to polymer is considered . 

high. Unreacted monomer is removed from the vat by vacuum for recycle to the 

process and the polymer is fed into a drying tower or storage tank. After the 
polymer is pumped out, some remains adhering to the sides of the vat. It hardens 
and when accumulated, lowers^the heat transfer ability in the reactor. When heat 

transfer becomes too low, the vat must.be cleaned. Older reactors are often 

^ * *" 

^P^raped manually. But the-new cleaning method is composed of high-pressure water 
and vater^detergent systems. The new larger kettles are more easily cleaned by 
■ water jet and can produce larger quantities of resin between cleanings* Solvents 
such as tetrahydro fur an, dimethyl fonnamide or ethylene dichloride may be used 
to remove baked-on polymer and absorb unreacted monomer. But then the solvent 
must be recovered and recycled. The unreacted VCM is pumped out of the vat and 
recovered by a series of secondary tanks containing compressors and condensers.. 

The polymerized resin or the "slurry 11 is removed, to tertiary tanks, dewatered in a 
centrifuge, and dried with a stream of hot air in a rotary dryer. 12 / .13/ 


12/ Ibid. 

’13/ U.S. Occupational Safety and Health Administration. Hearing Before Administrative 


‘ Law Judge Hyatt. Engineering and Control Practices. Testimony of K.B* Oelfke 
./■'■■of the DOW Chemical Co., Freeport, Texas, July 8-11, 1974. 
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After polymerization, FVC resins are compounded with additives by a variety 
of methods* Additives to PVC may include thermal stabilizers to prevent the loss 
0- hydrogen chloride in processing, flow agents, colorants, solid fillers, rubbers 
to improve low-temperature pmperties and plasticizers, which are needed in quantities 
of 202 to 402 in flexible PVC films* Finally, the compounded resin undergoes a 

i 

variety of processes at fabricating plants, 14 / 




1 


j£sf U.S. Occupational Safety and Health Administration* Final Environmental 
■ . Impact Statement* p* 31-64. 
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— V, HISTORY 

The first vinyl chloride.resin was discovered in 1S72. Polyvinyl chloride and 
zopolymer resins remained laboratory curiosities with no commercial applications until 
1927 when K.W. Reid discovered the useful properties of copolymers made of vinyl ace- 
:ate and vinyl chloride. Chemists at B.F. Goodrich Cc* first learned to plasticize 
polymerized vinyl chloride itself into flexible forms in the mid 1930 f s. The first 
commercial vinyl plant was opened by Union Carbide In 1936* In 1540 Goodrich opened 
Its own plant* Polyvinyl chloride (TVC) was hailed as a miracle material; cheap, 
stable, fire resistant and able to assume an extraordinary range of soft and hard 
forma* The ready availability of natural rubber, however, limited development of the 
PVC industry until the outbreak of World War XX* During World War II interest focused 
on the polyvinyl chloride resins as flame proof substitutes for rubber and as corrosion- 

4 ' 

resistant coatings for naval supplies* Polyvinyl chloride plastics, although they had 
poor electrical insulating properties compared to polyethylene, were tough and abrasion 
and especially useful in low voltage applications* 15/ \f>f 
During the 1940*8 vinyl chloride gas was tried as a medical anaesthetic in con¬ 
junction with nitrous oxide. Doctors abandoned the attempt when It was found to pro- 
duce heart arrhythmias. From the time of its discovery, vinyl chloride gas seemed 
virtually harmless* The only apparent dangers were of explosions at concentrations 
greater than 36,000 ppm, and intoxication and narcosis at levels above 6*000 ppm. 

Effects of chronic exposure were not suspected. No particular attention was paid to 
v rkplace ambient concentrations so long as they were below explosive levels* In 1949, 
a Russian group 17/ found a hepatitis-like condition In fifteen of a group of forty- 


15/ Ibid* 

16/ American Chemical Society, op* cit* ' " 

17/ Trlbuch et al* Hepatitis-Like Liver Changes, in U*S* Congress. Senate. Sub¬ 
committee on the Environment. Dangers of Vinyl Chloride. Hearings, 93rd Congress, 

- * 2nd Session, Washington, D.C., U.S. Government Printing Office, Aug. 21, 1974. p.13. 
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polyvinyl chloride polymerisation workers* At this time, levels in these plants 
most likely reached several thousand ppm* 18 / European researchers detailed other 
symptoms of what came to be called 1 vinyl chloride worker*3 disease 1 including skin 
lesions v gastritis and circulation disorders. 19 J 20 / 

In 1961 f Torkelson and others 21 J discovered slight reversible liver injury in 
rats exposed, seven hours per day to 100 ppm VQ1 and recaagjended that the time-weighted 
average (1VA) for industrial exposure not exceed 50 ppm. At about this time DOW 
Chemical Co- voluntarily adopted an average -exposure limit of 50 ppm for its workers 
but government standards remained unchanged- By the late I960 1 s acro-osteolysis, a 
disease Involving reversible degeneration of the finger bones was Identified among - 
workers who cleaned the polymerization vats. The etiology seemed to involve high 
level exposure to vinyl chloride monomer and minor trauma to the hands, 22 j 
] \ 7. : In 1968 Kramer and Mutchler 23 j found that repeated exposure to vinyl chloride at 

;300 ppm TWA for a working lifetime could cause impairment of liver function in humans- 

* * 77*'■T- 1 .-rV'" * - v t v S -{i ? : - Tf/.' r* - 7 ■ \ ■ y - *, ’ 7. *’ *' . * ’ * * ‘; 

w--— /:- ;v ;r% r> y*. -1". • w 

- V.> ■ V. : v :,. ■*. ~ 7. _ 

Weaver- F.H7 On the Horns of the Vinyl Chloride DUemaa, Fortune, Oct- 1974* p. -" *. 

v , -r V-V7 ■; 7 

19 / 7Lee, F-I- and D.S* Harry- Angiosarcoma of the Liver in a Vinyl Chloride Worker. ' ;■ 

j The Lancet, June 29, 1974. p* 1317. , 7;.— p:‘7 

m ' K ' -* ;7 '7 t T&v7 ■ ■ -."*7 7 7 

20/ How Hazardous to He alth is Vinyl Chloride? Journal of the American Medical Asso- 
; i m *elation- ■ . June 10, 1974. p. 1355. ■ 7. • 

21/ Torkelson, T.R., Oyen F* and V-K. Rcwe. The Toxicity of Vinyl Chloride as Deter¬ 
mined by Repeated Exposure of Laboratory Animals- American Industrial Hygiene 
Ass elation Journal, v*-22, no* 5, 1961- p. 354-361* 

22/ Cook, W.A. et al-, Occupational Acroosteolysis z H, An Industrial Hygiene Study, 
v ^ Archives of Environmental Health, v, 22, Jun* 1971- p. 74-82. 

h?y 7 Diumm, B.D, et al. Occupational Acroosteolysis: I, An Epidemiological Study. ■. - 

£77'^ Archivers of Environemtal Health, v- 22, Jan. 1971. p. 83-91. 

Dodson, V.H. et al. Occupational' Acroosteo lysis: III- A Clinical Study- Archives 
of Environmental Health, v. 22, Jan- 1971 p. 83-91. 

- 23/ Kramer, C-C- and J-E. Mutchler. The Correlation of Clinical and Environmental 
i-vr.v Measurements for Workers Exposed to Vinyl Chloride- American Industrial Hygiene 
Association, Journal, v. 33, 1972- p. 19-30* . . i . 

FTiT ^ 7 / 1 - '-"'; 1 *■ V - , - , - ’■ ■ -■ . ’ 

|‘,i “ v '■*“ ‘..v.'r w ' ■* ’; i7"*' ’"'i ‘ ‘ i ^ % . -,j^i ■ * 1 - —“■ 
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Finally, in experiments begun in 1967, Dr- Pierluigi Viola t attempting to produce an 
animal model for acro-osteolysis, exposed rars to 30*000 ppm vinyl chloride end found 
that many developed cancers of the skin, lungs and other ograns, He presented this 
data at the Tenth International Cancer Congress in Houston in 1970 but mentioned that 
he felt that this data did not necessarily apply to humans. 24 J Dr. Viola's study 
caused four European producers of polyvinyl chloride plastics, Montedison, Imperial 
Ohpnrf ral Industries (ICI), Solvay and Rhone-Progil, to commission Dr. Cesare Maltoni 
of the Instltuto dl Oncologia, Bologna, Ittly, to undertake a large scale animal study 
testing for cancer at levels approximating worker exposure. 




24_/ Viola, P-F. Cane erogenic Effects of Vinyl Chloride- Abstract, Tenth International 
Cance r Congress, (Houston, Texas), 1970, p. 1-20. 


j 


v' 
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VI. THE DISCOVERY OF THE CARCQGENICITY OF VINYL CHLORIDE MONOMER 


About September 5, 1971 Dr. MaltonI, In response to Dr. Viola’s results, began 
toxicity studies in rats. He observed his first angiosarcomas in August 1972. On 
January 17, 1973 technical delegates of the Manufacturing Chemists Association’s (MCA) 
VC and FVC industries visited Dr* Maltoni’s facilities and learned details of his ex¬ 
perimental procedures and results. MCA and participating U.S. Firms had promised to 
hold Dr. Maltoni's work confidential and not release information outside of the task 
group without specific consent of the European group sponsoring the study. The pur¬ 
poses of the restriction were "that preliminary indications not be released they 

have been validated, thereby to minimi ye unwarranted speculation” ™d "that release 
remains subject to the control of the project's proprietors." 25/ On January 30, 1973 
National Institute of Occupational Safety and Health (NIOSH) pub? It *** ? in the Fed¬ 
eral Register a request for information on the potential hazards associated with 
^occupational exposure to a list of 23 chemical substances and physical agents. Among 
^Rhese was vinyl chloride. MCA apparently did not at this time mention Maltoni's 
preliminary results* The first public disclosure of these findings tooks place at 
the Second International Symposium on Cancer Detection and Prevention held at Bologna 
on April 9 to 12, 1973. At that time, during presentation of a general paper on 
ccupatlonal carcinogenesis. Dr. Maltonl 26/ shoved a table of preliminary results 
with vinyl chloride which Indicated cancer formation; angiosarcomas, zyrabal gland 
(ear canal) carcinomas and nephroblastomas, at 250 ppm exposures* The Impact of the 

paper seems to have been minimal. ._.. 

At the same time several epidemiological studies of vinyl chloride workers had 
been initiated, in response to Dr. Viola's study. In 1971 ICI had begun such a study 

25/ Vinyl C hlo ride Controversy Continues. Chemical and Engineering News* June 10, 

: 1974. p. 12. 

26/ Militant, C. Preliminary Report on the Carcogenicity Bio-Assay of Vinyl Chloride, 
(presented at the Occupational Health and Safety Administration Vinyl Chloride 
Fact-Finding Hearing, Feb. 15, 1974.) 


t‘ - ‘ • ri- 
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rfiich was completed up to the end of 1971 and then updated to the end of 1972. This 
study disclosed no increase in deaths attributable to cancer among vinyl chloride 
workers when compared to a control group of chemical worker?: never exposed to VCM* On 
July 17, 1973 Dr. Marcus Key of NIOSH met with MCA delegates and an ICI representative 
Erom the United Kingdom, in Washington to discuss vinyl chloride. According to Dr. Key, 

"They went into some detail on the findings of Professor Viola in production 
of tumors of the skin, the ceruminous gland of the ear canal, lung, and bones of 
rats which occurred from exposure to very high concentrations. 

As the result of this study, we were told that a second order toxicology study 
was being conducted in Italy and that an epidemiological investigation had been 
conducted at ICI in the United Kingdom. 

The ICI study had turned up no human evidence of any problem with vinyl chlo¬ 
ride. 

The second level animal toxicity study in Italy was also presented to us. We 
did not get the specifics of the study except that the concentrations of vinyl 
chloride were much lower and that several species of rodents had been exposed and ' 
tumors had been produced. We interpreted what was being presented to us as con¬ 
firmation of Viola's previous work, especially as regards the production of cancer 
in the ceruminous glands of the rat's ear canal. 

No mention was made to us about liver cancer and the new Italian investigator 
was not named." 27/ ■ ■ - ■ ■ . . 




According to A.W. Earned, Director of ICI Plastics Division, the ICI physician 
ent at the meeting reported the production of primary tumors at several sites at 


levels lower than those of Dr* Viola's study but said that he did not construe this 
t mean only rynbal gland tumors and their metastases were produced. In this initial 
presentation, the European delegation apparently presented the animal results in a 
generalized form, saying that vinyl chloride apparently proved carcinogenic to rats 
at several site3 and at levels as low as 250 ppm. Angiosarcoma, though detected, was 
not mentioned specifically since there was no human epidemiological evidence to in¬ 
dicate that this particular cancer, very rare in humans, was more important than the 
other cancers detected. 28/ In Britain, the United Kingdom Employment Medical Advisory 


27/ U*S* Congress* Senate. Subcommittee on the Environment, op. cit. p. 57* 

28/ Barnard, A.W. ICI En<fa Its Silence on Vinly Chloride. Chemical and Engineering 
News, July 8, 1974* p. 21 and 37. \ 
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^Service and the Factory Inspectorate say they had no information on the carcogenicity 
of VCM, apart from Dr. Viola f s paper, until January 1974. 

As New Scientist put it: 29/ 

It is probably impossible to say whether the chemical industry deliberately 
• and maliciously hid unfavourable research findings (in 1973). It is, however, 
likely that, even if this were not the case, the results would not have caused 
much of a stir. For by this time, the epidemiological survey was showing negative 
results. Id had found no deaths from angiosarcomas among ex-employees. Thus in 
January 1973 there was no human evidence of VCM’s carcinogenic properties. Be¬ 
cause extrapolating from animals about carcinogenicity is notoriously problematic, 
epidemiological evidence carries greater weight in the minds of industry and reg¬ 
ulatory bodies. Thus it is unlikely that animal, studies alone would have been 
convincing enough to force a reappraisal of industrial exposure standards, “Firm” 
evidence only arose after the Goodrich report, when other cases of deaths from 
angiosarcoma were unearthed. Id updated its survey and found one ex-employee 
who died from liver cancer in 1973. 

According to Dr. Key, if he had known of th*? induction of liver cancers in July 
of 1973,NIOSH "would have taken an entirely different course of action in view of the 
widespread use of this material (vinyl chloride)".NIOSH “would have Immediately gotten, 
together with NCI and the Food and Drug Administration (FDA)* and brought in some of 


€ 


best toxicologists in the country to review the data and decide what actions to 


w 30/ 


1 In the spring of 1973, Dr* John L. Creech, plant physician for the B.F* Goodrich 
plant In Louisville, Kentucky, noting an increase in liver ailments among plant em¬ 
ployees, initiated tests to detect liver abnormalities. In December 1973 he received 
a report that one of the workers had died of angiosarcoma of the liver. Remembering 
another death from the same cause three years earlier, he notified a superior. By 
January 16, 1974, B.F. Goodrich, running a systematic mortality study of workers,, 
discovered reports of a third angiosarcoma death. On January 22, 1974, Goodrich no¬ 
tified NXOSH that three workers at their FVC polymerization plant had died of angio¬ 
sarcoma of the liver. On January 29, 1974, further review by Goodrich turned up a 


29/ McGinty, L. Science Paused and 17 Died, New Scientist., June 15, 1974, p, 675-676. 
30/ U.S* Congress, Senate. Subcommittee on the Environment, op, cit. p. 57, 


R&S158340 










fWrth cas in 1968* The rarity of the disease and the clustering of deaths at a 
single plant raised suspicions that an occupational disease related to exposure to 
vinyl chloride had been discovered* On January 30, 1974 an OSHA fact-finding hearing 
was announced. It was held on February 15, 1974, Dr, Haltoni*3 animal data, showing 
cancer in rats at levels of 250 ppm was released at the hearing* 31 / 32/ 33/ 



31/ Falk, H,, Creech, J.L., Heath, C*W., Johnson, M*N*, and M.N* Key, Hepatic Disease 
Among Workers at a Vinyl Chloride Polymerization Plant* Journal of the American 
Medical Association, v. 230, no* 1, Oct. 7, 1974. p, 59-63. 

32 J Saar, J. Vinyl Chloride and Cancer* The Washington Post, May 5, 1974* p* C2* 

33/ Maltoai, C. op* cit* 
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VII* WORKER EXPOSURE IN THE VINYL CHLORIDE INDUSTRIES 

i 

Workers are exposed in all three segments of the PVC industry, monomer production, 
Malymeriration and fabrication. The greatest exposure probably takes place in poly- 
lerizaticn plants. 34/ 

Monomer production takes place as a relatively closed, -continuous process and, 

i 1 . 

•specially in warm climates, takes place in the open air. Plants generally are highly 

i 

Alternated. The major source of exposure for the one thousand to 1500 workers involved 
n monomer production are judged to' be: 

1) sampling and analysis of vinyl chloride for quality control. 

2) loading of vinyl chloride for shipping. 

3) maintenance and repair work which necessitates entry of vinyl chloride con¬ 
taining vessels and 

, 4) exposure to leaks of vinyl chloride in the processing area. Leakage possibly 

accounts for 40% of the total emmission from vinyl chloride and polyvinyl 
chloride plants. 35/ 36/ 

- It is probable that higher levels of vinyl chloride gas are encountered by the 
approximately five to ten thousand workers in the PVC resin Industries than by those in 
lonomar produc ti on of fabrica t i o n* The areas of greatest exposure in the PVC industry 

• , ... .. . . 

1) unloading of incoming vinyl chloride* 

2) reactor cleaning. 

3) entry into vinyl chloride containing vessels for maintenance and repair work. 



!V U.S. Occupational Safety and Health Administration■ Final Environmental Impact 
State m e nt ; Proposed Regulation. Vinyl Chloride. Washington, D.C., Sept. 5, 1974. 
- p. 31-64. 

jV- ibid. 

\ 

Jf/ U.S. Environaaatal Protection Agency. Report of the Activities and Findings of 
< the Vinyl Chloride leek Force. Washington, D.C., Sept. 1974. p. 1-16. 
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4) entry Into PVC storage silos* 

5) shipping or packing PVC. ■ 

6) leaks of vinyl chloride in the process area. 

Thirty-two out of 38 cases of occupationally related angiosarcoma in ten countries 

jccurred in PVC polymerization workers. In most of the early PVC resin polymerization 

o 

>lants the vinyl chloride gas could be smelled almost constantly. This means constant 
exposure to levels in excess of 2000 ppm. Workers occassionally got f high f from the 
fumes. It is generally agreed that during the early period of the industry, into the 
.950*6, exposures of several thousand ppm were cotxmxm. During the 60*s the ambient 

.evels most coirmonty were in the range of 100 to 200 ppm with occasional excursions as 

ligh as 500 ppm, the American Conference of Government Industrial Hygienists (ACGIH) 
voluntary ceiling. Dow Chemicals, acting on Torkelson f s data, attempted to reduce its 
>wn plant levels to below 50 ppm and by the early 1970*s had achieved average exposures 
>f about 25 ppm in its copolymer plants.37/ 

PVC production Is labor intensive and in the colder climates it Is necessary to 
m. e the plants* It has been estimated that in the United States less than half 
ire open. Of the workers. It Is likely that reactor cleaners suffer the greatest ex¬ 
posure. Host of the cases of angiosarcoma of the liver in polymerization workers 

occurred among those who had at one time been reactor cleaners. Polymer, hardened and 

iccusBilated on the walls of the reactor tank must be cleaned away to allow efficient 
leat transfer Into the vat. High pressure water jets do the bulk of the cleaning, but 
Ln some older vats this method cannot be used. Until recently vats in most older 
plants were entered once or twice a day. Although the air within the reactors was 
replaced several times, a short burst of vinyl chloride would be released from the 
reactors immediately upon opening. In addition, the PVC that remained encrusted 


37/ ibid. 
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* 


the reactor, because of its porous structure, could retain significant amounts 


if entrapped VCM which was released in the process of chipping and cleaning the vat* 
low, the moot modern equipment is entered and cleaned manually only once a month* The 
job is presumably less hazardous with the introduction of respirators and protective 
ilothing. Also air is more efficiently evacuated from the vat. 38 J 

Approximately 350,000 workers may be exposed during the fabricating process to 
mreacted vinyl chloride monomer which remains trapped in the PVC resin. The levels of 
mreacted VCM in PVC resins are usually between 50 and 100 ppm though they may be 
occasionally as high as 8000 ppm. Host of this VCM is released during storage or 
processing, especially heat processing. The levels of VCM found in finished products 
ire probably no higher than 5 to 20 ppm. The vast majority of workers employed in the 
/C-FVC industries are Involved in PVC fabricating and manufacturing * Levels of ex¬ 
posure in many plants are probably well below 1 ppm. Levels in fabricating plants 
mwever may be as high as 12 ppm. Past levels may have been higher* Angiosarcomas 
of the liver have been found in workers in fabrication plants. 39/ 

A summary of estimated current exposure levels in PVC fabricating facilities^ and 
polymerization plants and a list of major emission sources in PVC polymerization 
plants and VCM production plants Is found in Appendix III. 


38/ Ibid. 
39/ Ibid* 
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VIII, OTHER EXPOSURE TO VINYL CHLORIDE MONOMER 


Emission 

There is a material loss of vinyl chloride and polyvinyl chloride of 4 1/2Z to 
7 1/2Z during the PVC polymerization process- Substantial, amounts of vinyl chloride* 
probably more than 200 million pounds per year f and PVC, more than 50 million pounds 
per year, are being discharged into the environment during the PVC production process. 
Seventy-five percent of the losses are probably by vinyl chloride air emissions- The 
principal area of vinyl chloride leakage in PVC plants is probably associated with the 
operation of the polymerization kettles which. are periodically opened for cleaning or 
for recharging or sampling* Other losses occur during transfer of vinyl chloride from 
tanks to storage, during the PVC drying process and at a variety of leaks in valves, 
flanges and pump seals* 40/ 

Preliminary monitoring by the Environmental Protection Agency (EPA) in the vicin¬ 
ity of VC and PVC resin plants indicates that levels of VC in ambient air fluctuate 




ly, apparently due to periodic openings of the reactor kettles In PVC plants. 


variations in production processes, and meterrrologic conditions. Almost all of the 
air samples taken.by EPA at 12 PVC and VC plants contained detectable levels of VC. 

The overwhelming majority of those samples contained less than one ppm but there were 
occasional higher excursions, one instantaneous reading was as high as 33 ppm* Vinyl 
chloride in air probably has a reaction rate of eight to ten percent per hour* The 
reaction products include ozone, nitrogen dioxide, carbon monoxide, formaldehyde, 
formic acid ..a n d formyl chloride* Human eye Irritation symptoms from exposure to vinyl 
chloride in air may be caused by these products* Although vinyl chloride will disap¬ 
pear within a few miles downwind of a vinyl chloride air emission source, near the % 

source it may be considered a stable pollutant* at / 


Mf Ibid*. 

j*y ibid* 
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Water effluents typically contained levels of two to three ppm, the highest le^ 
vel.being 20 ppm. Levels seemed to be dependent on in-plant handling of waste* Le¬ 
vels of vinyl chloride entrapped in solid wastes and sludge ranged from 100 ppm to, in 
one case, 300 ppm. The EPA Task Force estimates that emissions from PVC resin plants 
could be cut 75% and from VCM plants, 9QZ, with a concomitant increase In the cost of 
PVC of about 4Z* It is also eatimatetf that available control technology could be im¬ 
plemented within a few months to two years after promulgation of a standard* If emis¬ 
sion were cut 75% or 90% the 24 hour average concentrations would be about 90ppb. 42/ 
Cases of angiosarcoma of the liver have occurred among persons not directly in¬ 
volved with vinyl chloride occupationally but who did live in the vicinity of VC-PVC 
plants* Emissions from these plants may therefore pose a health hazard* 43 / 

There is a close relationship between the EPA standard for emission and the al¬ 
lowable levels of vinyl chloride in the workplace. EPA and OSHA are working closely 
together to assure compatibility of standards* EPA is supporting toxicological studies 
to d eter mine the effects of vinyl chloride on the developing fetus and its interaction 
^■n other carc in ogens. EPA Is also planning epidemiological studies of population 
living near a PVC plant. EPA will continue monitoring possible air emission sources 
and drifting waterrsupplies possibly contaminated with vinyl chloride from emission 
sources or from vinyl chloride migration out of FVC pipe and storage tanks* EPA will 
also Investigate solid waste disposal of PVC plants, especially leachates from 
disposal and incineration of PVC products. 44 / Also EPA will concern Itself with the 
effect of vinyl chloride m on o mer and tars from vinyl chloride plants on aquatic life 
and other wildlife. 


**J Ibid., p. 31-32. 

*1/ D.S. Center for Disease Control. Cancer and Birth Defects Division. Bureau of • 

Epidemiology, Internal Report on Cases of Angiosarcoma of the Liver in Connecticut* 

. : : 0ct* 9, 1974* 

44 / *U.S. Environmental Protection Agency, op. cit. p* 63-65. 

’ • j- ; - . ■ - - ■ 


■r-t * ■ ' h v.. :.* t _ . 

■. ; *: ■ <. f ■' * • ; V- V .•> v . . - -V , ; ■-- „ , 
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In response to a petition by a consumer advocate organization, the Health Re¬ 
search Group, EPA has banned indoor pesticides using VCM as a propellant; the Con¬ 
sumer Product Safety Commission (CPSC) has banned its use in household products; and 
the Federal Drug Administration (FDA) has banned it from use as a propellant in 

cosmetics and has stated that its U3e in drugs requires a New Drug Application. Vinyl 

45 f 

chloride was never used in aerosol foods* Preliminary tests at EPA research 
facilities shows that a 30 second release of an aerosol containing vinyl chloride 
could result in a concentration as high as 400 ppm in air. Related tests showed that 
in dosed rooms vinyl chloride will persist for many hours and, even when diluted by 
ventilation will probably result in some vinyl chloride exposure for several hours. 
Cosmeticians and other groups who may have used large quantities of aerosols in en¬ 
closed spaces may have received significant exposure to vinyl chloride, The effect 
of the low levels the general public has been exposed to is not known* 

w sport Accidents * 

More than .two-thirds of the vinyl chloride monomer * produced is transported to PTC 
resin plants located at another site* 951 of the transport is done by rail* During 
. the last three years there have been 16 reported rail accidents Involving vinyl chlo¬ 
ride tank cars* Theramount of vinyl chl oride that persons in the vicinity may have 
been exposed to at these times and the effects of single large doses of vinyl chloride 
are not known. 

Finished Products 

Finished PVC products probably contain levels of unreacted VCM of 5 to 20 ppm. The 
VCM may be released slowly upon storage presenting a possible hazard to warehouse per¬ 
sonnel* It may be released when the finished products are disposed of and incinerated* 


45 / Ibid. p. 32. 


R&S158347 
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I^ypipes and liners are used in many water supply systems. Little is known about 
the extent or effect of possible PVC migration from there into drinking water. PVC 
wrappings used for food may also allow migration of small amounts of VCM into food 
products. The extent of this and the possible effects on the population are being 
investigated by FDA, Heat wrappers who use a heat source to cut PVC wrapping may 
develop ’meat wrappers syndrome*. This is a respiratory problem. It might be 

i 

caused by hydrochloric acid, VCM, or some other PVC degeneration product. OSHA and 

, j 

NIOSH are presently investigating this problem, 

PVC packaging for food and drugs was introduced in the 1940’s and was in use 
before the enactment of the Food Additives Amendment of 1958. Therefore, it was not 
tested for toxicity as more recent additives have been. FDA will set up an interim 
level of allowable VCM migrating into food from FVC wrapping tinder Code of Federal 
Begulatlon 121,4000 pending an investigation of the carcogenicity of VCM by the oral 


route, The final proposal for an Interim standard may be based upon a particular al- 




le level of VCM migration from the PVC packaging rather than upon VCM residual 


levels in the PVC, The Society of the Plastics Industry has suggested a level of 


50-ppb* Methods have been developed to detect vinyl chloride in foods in that quan¬ 
tity- One of the problems with a standard of migration of VCM is the difficulty in 
measuring lower amounts of VCM in food, FDA studies have indicated that a reading 
of 50 ppb is the lowest that can be reported with confidence, 46 / Use of PVC in 
cosmetic' and drug containers will probably follow the same standards as those the 
Bureau of Foods sets for food wraps. 47 / 

.The use of PVC in blood bags is one particular case where substitutes are held 

, * ’ . s T ■ 

to be inadequate. The only possible substitute is to return to the use of glass. 


46/ PVC Interim Regulation Based on UCM Extraction Previewed Food.Chemical News, 
Jan. 20, 1975. p. 33-35. 

t 

47/ Second Thoughts on Using PVC. Chemical Week, July 31, 1974i p. 19-20. 
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would require complete redesign of facilities. It has also been suggested 
that the increased safety of PVC may make its use advantageous even If small amounts 
of VCM are present. 48 / 

o 


48/ Food and Drug Administration, Bureau of Foods. Personal Communication* 
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IX. EPIDEMIOLOGY 


Afl of January 16 f 1975, 38 case* of angiosarcoma of the liver among workers 
exposed to vinyl chlorxde had been reported from ten countries. The median age at 
diagnosis of angiosarcoma of the liver for all known occupational cases is 45 years 
with a range of from 36 to 71 years. The median interval frcm first exposure to 
vinyl chloride to detection and diagnosis of angiosarcoma is 18 years with a range 
of . from 6 to 30 years. The shortest exposure time is 3 years. See Table I. 

Two other cases of angiosarcoma of the liver occurred in persons who had no 
occupational exposure to vinyl chloride but who had lived within 1/2 mile of a 
plastics factory for 35 years and within 2 miles of an electrical products plant 
for more than 50 years. One. case of hepatoma, not angiosarcoma, was diagnosed In 
1971 in the young daughter of a PVC worker. However, hepatoma is a common lesion 


There Is some question whether exposure to vinyl chloride specifically induces 

.v, ^ 1’^ rV*.vVSs?, V. ‘ : l ' ^ ... •,i ■‘ ‘-'n 


^only angiosarcoma of the 3J,ver or whether it . Increases the rate of incidence o£ 
l other more common" cancers as well, as is the case in animals. Tabershaw and Gaffey 50 
<: ln a study of 8383 men, including 352 death records, who had .at least one year of 

J*"» t., ^ ^ .,^14 , / •_ , «_ - +* , ' _ m ^ l • Jl - 

? occupational exposure to vinyl chloride, gave evidence that vinyl chloride may ■ 
possibly be involved not only with angiosarcoma of the liver buc also with cancers 
,of other sites. Cancers of the respiratory system, brain and of unknown site and 
r lymphomas occurred very slightly more often than expected in those members of the 
• study population with the greatest estimated exposure. Criticisms of this study, and 


^49/ P.S. ..Center for Disease Control, op.clt. . ■ • • • * . 

^.30/ Tabershaw, I.R* and W.R. Gaffey. Mortality Study of Workers in the Manufacture 

Chloride and its Polymers* Journal of Occupational Medicine, v.16, no.8, 

?"P*599* ^ i '■ *•• 


50_/ f .... 


**"^** > ^*U^ T r r #vf f * \ 9 * - * ** ' ' ^ A y> ^ * ”■* 11 - t ‘ t ‘ f ' »* 




TABLE I - Reported Canes of Liver Angiosarcoma in Workers Exposed to Vinyl Chloride or Polyvinyl Chloride 51 / 


Country 


Canada 
. Canada 
Canada 
Canada 


Casa Birth 
No. Date 


First : 

VC or PVC 
Exposure 


. Diagnosis Age 

of angio- ■ at 
' Barcoma .Diag. 


Years Total Date 

Since Years of 

PirBt Exposure Death 


Polymerisation Workers 


Chechoslovakia 

U1 

■ 

Awaiting . 

^ - , 





Chechoslovakia 

02 


, Details ; V 

_f h - - 


- . 

o 


Franca 

01 

- 


4 wm 

43 

19 

19 

00-00-67 

Great Britain 

01* 

00-00-01 

00-00-46 ‘ 

12-00-72 

71 . 

26 

20 

12-00-72 

Great Britain 

03 

06-00-37 

02-00-66 


38 

8 

4 

- 

Italy 

02 

11-13-29 

00-00-57 

12-12-72 

43 

15 

6 

12-00-72 

Horn ay 

01* 

12-23-15 

03-00-50 

12-20-71 

56 

22 

21 

01-04-72 

Hunan i a 

01 

Awaiting Details 






Sweden 

01* 

06-23-27 

08-14-51 

. 02-00-70 

43 

19 

ia 

10-20-70 

United States 

01* 

10-17-23 

12-09-48 

■ 03-03-73 

49 

22 

16 

03-03-73 

United States 

02* 

08-19-33 

11-15-55 

*. 05-00-70 . 

36 

14 

13 

09-28-71 

United States 

03* 

05-25-15 

11-28-45 

12-19-73 

58 

. 28 

25 

12-19-73 

United Statea 

04* • 

01-15-24 

07-06-52 

■ 08-19-67 

43 

15 

15 

01-07-68 

United States 

05* 

01-25-12 

06-19-44 

04-09-64 

52 

20 

10 

04-09-64 

United States 

06* 

00-00-29 

01-17-62 

02-00-74 

45 

12 

12 

Alive 

United States 

07* 

05-03-22 / 

08-00-44, •/ 

00-00-68 

45 

24 

IB 

03-23-68 

United States 

08* . 

05-06-20 • 

10-07-46, 

.. 08-00-61 

41 

15 

15 

08-29-61 

United States 

09* 

00-00-31 

05-28-45 

03-01-74 

' ’ 43 

29 

17 

Alive 

United States . 

10* 

08-16-13 

06-12-51 

05-00-68 

55 

17 

17 

05-10-68 

United States 

11* 

05-27-09 

10-14-46 

: 03-00-70 

61 

23., • 

23 

03-16-70 

United States . 

12* 

11-17-18 

09-13-49 

• 05-02-69 

. 50 

20 

15 

05-02-69 

United States 

13* 

12-01-21 > 

00-19-44 

. 05-00-74 

53 

30 

30 

07-04-74 

United States 

16* 

11-04-27 

05-00-50 

00-00-69 

41 

17 

4 

03-27-69 

United States 

17 

05-06-31 

06-23-55 ;■. 

]• ■ 10-il-74 

; 43 

19 

19 

Alive 


51 / U.S. National Institute of Occupational Health aiid.Safety. Dr. Heath, Personnel Communication. 
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STABLE I- Reported Cases of Liver Angiosarcoma In W rkers Exposed to Vinyl Chloride or Polyvinyl Chloride 51 / 




k‘.j. Country . • \ 


t — 


Case Birth 


First 71* ' ft ’ Diagnosis Age Years 


No, . Date VC or PVC of angio- at Since 

. \ Exposure \ /:/!• sarcoma Diag. First 

*' ■[ . . . v/;.; : ’ J _ ■ Exposure 

; Polymeriaation Workers, cont. 


Total Date 

Years of 

Exposure Death 


Went Germany 

01 

07-26-31 

l 10-14-57 

... 00-00-71 

40 

14 

14 

12-14-71 

Heat Germany 

02 

06-04-30 ' 

10-01-57 . 

r 00-00-69 

39 

11 

11 

01-25-69 

Ueat Garnany 

04 ■ 



. j 1 * * ^ 

44 

17 

- 

- 

Ueat Germany 

05 

mm 

- . ! ■' '• 


49 

11 

- 

Alive 


pounders. Fabricators, and V,C, Polymerization Workers 


v Great Britain 

02 * 

09-08-14 

00-00-46 

. 02-00-70 . 

, 55 

24 

11 

12-00-70 

Note 1 

•a Italy 

01 

06-15-34 

00-00-65 

;• 04-19-71 

36 

6 

3 

04-16-71 

Note 6 

Sweden 

02 * 

11-27-11 - 

00-00-45 

v;-. 05-15-72 

61 

27 

23 

00-16-72 

Note 7 

•V United States 

14 

00-00-13 .' ! 

08-18-38 

06-00-73 

60 

36 

00 

07-03-73 

Note 265 

United States 

15* 

00-00-25 

00 -00-00 

‘. 07-00-72 

47 

00 

00 

02-15-73 

Note 3 

vf West Germany . 

03 

. 00-00-00 

00 -00-00 

.v '■} 00-00-00 

43 

14 

00 

00 -00-00 

Note 4 


Note 1 Pouring PVC oil mixture onto fabric bases 

Note 2 Machine operator covering electrical wire with PVC plastic insulation 
Note 3 : Accountant at several fabrication plants (work history tinder review) 

Note 4i Loading pesticide cans with VC propellant 

Note 5. Diagnosis * Sarcoma (possibly "angiosarcoma") t liyer v Possibility of generalized neoplasm of the 
; reticuloendothelial cell system cannot be ruled out* 

Note 6 Worked for producer of PVC sacks. Had angiosarcoma of several sites. 

Note 7 VCM worker . • (I 

* Indicates microscopically confirmed angiosarcoma of the liver, 

"OO" Indicates unknown data, ; ;* \ 
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the relatively small increase in cancer mortality it shows, have been made on the 
basis of the fact that workers with long exposure and long latency periods since 
first exposure are inadequately represented in the study. 

Monson and others 52 /, in a study of 161 deceased workers, found a 502 
excess of observed versus expected deaths due to all cancers with the greatest 
specific excesses including cancer of the liver, biliary tract, lung and brain. 

Epidemiological studies carried on at the Dow Chemical plant in Midland, 

Michigan indicate in a very preliminary way that the vinyl-chloride-induced 
increase in some cancers may be reduced in populations exposed to less than 
200 ppm TWA. JHo data on angiosarcomas is available. 53 / 

NX05H — Center for Disease Control 9 (CDC), in a study of 930 workers, including 
109 d e ath records, who h ad achieved five or more years of employment and ten years 
since onset of Initial employment, found a 57Z increase in deaths due to cancer. This 
apparent increase is "not limited to any single organ system. An excess cancer mor¬ 
tality was observed for the respiratory system, the blood forming tissues and the brain 
and c en t r al nervous system* vv . Hie number of deaths fr om liver cancer in tM** population 
was a lmo st twelve rimes the number expected. Strikingly, the majority of these excess 
cancer deaths did not occur until 15 or more years after first exposure to vinyl chlo¬ 
ride. This latent period is co nsi stent with other observations on occupational can¬ 
cer. 54/ 

Dr. Thoma3 Mancuso of the University of Pittsburgh, School of Public Health, 

.pointed out that vinyl chloride is a possible "index carcinogen" for a whole group 

. ” . • ' ' % 

52/ Monson, R.R., Peters, J.M. and M.N. Johnson. Proportional Mortality /ftaong Vinyl 

; Chloride Workers. The Lancet, Aug. 17, 1974* p. 397-398. 

53 J U,S, Occupational Safety and Health Administration. Hearing before Administrative 

; Law Judge Hyatt. Testimony by B.B. Holder of the Dow Chemical Co., Midland, Michigan 

54/ U.S* Congress, Senate, Subcommittee on the Environment, op. cit. p.59. 
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of similarly structured chemicals. The chance recognition of vinyl chloride 
brought about because it causes a rare form of cancer will, he hopes,* lead to a 
comprehensive national study of industrial cancers. OSHA is investigating indica¬ 
tions which came from chemical manufacturers of a possible link between vinylidene 

o 

chloride, one of the PVC copolymers, and cancer* 55 J Studies by Dr* Viola show 
the development of abdominal tumors at 200 ppm of vinylidene chloride in animals. 

The effects of vinyl chloride appear to have had a long latent period. This 
means that the relatively low numbers of deaths to date may, as Anthony Mazzocchi 
of the Oil, Chemical and Atomic Workers put It* **be only the tip of the iceberg" 
as far as the future effects of past vinyl chloride exposure is concerned. 







55/Vinylidene Chloride: New Cancer Threat? Job Safety and l%alth, Dec. 1974, p.2* 
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X. ANIMAL DATA ON THE HEALTH EFFECTS OF VINYL CHLORIDE 

Dr. P.L. Viola reported at the Tenth International Cancer Congress his observa¬ 
tions of malignant tumors in the ear canals (zymbal gland?) of rats exposed to 30,000 
ppm vinyl chloride for four hours per day, five days per week. He also reported tumors 
In the lungs and bones of the rats* In the United States on May 5 and 6, 1971, he gave 
a more detailed report to the MCA noting that he had observed tumors at levels of 5,000 
ppm.56/ Dr* Maltoni*s studies, by February of 1974, uncovered the formation of tumors 
In animals exposed to 250 ppm vinyl chloride. In May he reported tumors produced at 50 
ppm. ' 

Bio-Test Laboratories in Decatur, Illinois, under a contract with the MCA began 
animal tests February 1, 1973*57 / Three species of animals, albino mouse, albino rat, 
and golden hamster, were used. Tumors were developed In all three species. As of 
August 14, 1974 the hamsters had developed tumors only upon exposure to 2,500 ppm* But 
both mice and rats had developed tumors at 50 ppm. Tumor** were found in the liver, ' 
jibing, kidney and mamtary. gland* Both Bio-Test Laboratories and Dr. Maltoni have demon¬ 
strated that the tumors are to some extent dose-related* That is, more tumors occur at 
higher levels. Whether vinyl chloride would continue to cause tumors, though propor¬ 
tionally fewer and fewer tumors per exposed population, as the level of exposure dropped 
or whether investigators could eventually designate some level of vinyl chloride as a . 
"no effect" level, below which vinyl chloride is not carcinogenic in animals, remains 
to be seen. At the present, tests have not been completed at levels below 50 ppm so the 
carcinogenicity of these low levels has not been determined. Studies are presently un¬ 
derway to determine the teratogenic (birth defect) effects of vinyl chloride. If any. 58/ 

56 J Viola, P.L*, Bigottl, A., and A. Caput o* Oco no genic Response of Rat Skin* Lungs, 
and Bones to Vinyl Chloride. Cancer Research, v* 31. p. 516-581. 

57 J Industrial Bio-Teat Laboratories, Inc. Decatur Research, 1800 East Pershing Road, 

Decatur, Illinois, 62526. Communication to Dr. E.D* Johnson of MCA, August 16,1974. 


58 / Schete et al. Preliminary Report: Vinyl Chloride Teratology in Mice, Rats and 
Rabbits. Unpublished data* 
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XI* HOMAN HEALTH EFFECTS OF VINYL CHLORIDE 


Angiosarcoma of the Liver 

Primary cancer of the liver is uncommon in the United States, and primary 
carcinoma of mesodermal origin is extremely rare* About 25 instances of angiosarcoma 
of the liver are normally found in a year in the entire U*S. population* Because of 
this, angiosarcoma is a difficult diagnostic problem. Many are recognized only upon 
autopsy* 

Initial clinical symptoms vary widely and include weakness and tiredness, 
pronounced weight loss and enlargement of the liver* About two-thirds of all 
carcinomas of the liver have a clinical onset characterized by indefinite abdominal 
tymptoms which are usually attributed to gastric disturbances, sometimes gastric ulcer, 
rhe liver symptoms are generally indicative of cirrhosis. Some patients, when detected 
rere asymptomatic* 

In adults, carcinoma of the liver, if untreated, is uniformly fatal within six 
nonths* Carcinoma of the liver can be cured only by surgical excision and this Is 
possible only when the lesion is small and well localized. Chemotherapeutic agents 
end radiation therapy are of palliative value only* 

It may be that there is considerable variation In susceptibility to the hepatic 
effects of vinyl chloride* Heavy alcohol Intake renders workers more susceptible to 
the effects of carbon tetrachloride, for instance. 

In some of the PVC angiosarcoma cases non-malignant hepatic lesions, sinusoidal 
illation, and atypical sinusoidal lining cells coexisted with the cancer* Conceivably 
luch lesions may represent a precursor stage in development of the angiosarcoma and ' 
sight aid in early detection. Cases of angiosarcoma do not seem to be typically 
>rececded by aero—osteolysis* 











Angiosarcoma of the liver is also proved to be caused in humans, by exposure to 
arsenic and to Thorotrast* a radioactive material in the form of colloidal thorium 


dioxide used in cerebral vessel visualization between 1930 and 1947. 59/ 60/ 


Acro-osteolysis 

As early as 1957 a new occupational disease among PVC polymerization kettle 
cleaners was beginning to be identified. In the I960*s this syndrome first came 
prominantly to notice. It was wide-spread among workers t occurring in approximately 
one to three percent of vessel cleaners. Symptoms Included soreness and thickening 
of the skin of the finger tips* gradual dissolution of the calcium of the bones of 
the fingers and toes* skin sores and sometimes heightened sensitivity of the hands 
to cold* including blanching or cyanosis of the skin (Raynaud's phenomenon)* and 
pain* The bone lesions in the distal phalanges of the fingers were associated with 
itrlklng changes in the vascular system. Hepatomegaly (enlargement of the liver) 

also observed. The condition was apparently self-limiting* there being consider* 
tble Improvement in skin and vascular changes when the patient left the manufacturing 
complex. £jJ £ 2/ V : # V U . 


Itnrl Chloride Worker's Disease 


Exposure to vinyl chloride for long periods of time has been shown to produce 
In some workers one or more of a constellation of symptoms that have been designated 


5J3/ Lee* F.I. and D.S. Harry. Angiosarcoma of‘the Liver in a Vinyl Chloride Worker. 
The Lancet* June 29* 1974. p. 1317. 

50/ Interagency Collaborative Group on Environmental Carcinogens. Meeting Held 
April 17, 1974. Transcript. 

51/ Dinnan* B.D. et al. op. cit. 

Dodson* V.H. et al. op. cit. 

Cook* W.A. et al. op. cit. . 

62/ Wilson* R.H. et al. Occupational Acroosteolysls: Report of 31 cases. Journal of 
the American Medical Association* v. 201* 1967. p. 577-581. 
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"vinyl chloride worker r s disease." Reported symptoms include: blood changes such as 
alight to moderate lessening in the number of circulating platelets, production of 
excessive numbers of immature red blood cells, and circulatory disturbances of the 
Raynaud type, enlargement of the spleen, pain in the upper abdomen, nervous system 
lesions, impotence and hormonal imbalances, pulmonary lesions and changes in liver 
anatomy and function* The lung changes may be caused by exposure to PVC dust rather 
than to vinyl chloride itself* Liver changes include enlargement and tenderness of 
the liver apparent upon palpation, abnormal liver function tests, fibrosis of the 
liver, detectable by biopsy or by peritoneoscopy, and portal hypertension. The 
surface of the liver, upon biopsy, may be seen to be covered with highly character¬ 
istic rice-grain sired nodules of surface fibrosis* The liver changes seem to conform 
to some extent to Banti’s syndrome, and may thus be related to portal hypertension, 
at least in part. The liver damage may persist for up to two and a half years after 
vinyl chloride worker haa been removed from exposure,, but much of the damage 
^^eems to be reversible* Whether the changes in the liver in some cases are Indicative . 
of a pre-cancer state has not been determined. 63 / ; ' - * . ’ 

J * Selikoff and others 64/ found that splenomegaly was more common in workers *- ; 

with longer, more than five years, experience, but that a higher percentage of 
abnormal liver function tests were found in workers with current exposure* - 

Mutagenesis and Teratogeneaia 

Rannug and others In Sweden, In a standard salmonella bio transformation test 
system showed that vinyl chloride is mutagenic* 65 J Br. Selikoff, examining chromosomes 


63 J Falk, H*, et al. cop. clt* 

64 J U.S. Congress. Senate* Subcomalttee on the Environment* op. clt* p. 9* 
65_/ Ibid* p. 32. ' ' - 




i * .-'-we s 
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of 11 vinyl chloride workers has shown chromosome changes to be present considerably 
more often than would be expected* Finally, Dr* Infante, in epidemiological 

studies, has shown that there is a possibility that persons who may be exposed to 
environmental vinyl chloride in the vicinity of VC-FVC plants may have, a higher rate 

of birth defects* 67/ These data are very preliminary* ■ Dr. Maltoni*s experiments 68 / 

* ■ ' 1 

also show* that pregnant rats exposed to vinyl chloride may have offspring which 

. i 

develop angiosarcomas* The mutagenic and teratogenic potential of vinyl chlcride 
has not, of course, been proven, but preliminary tests have certainly indicated that 
this is an area that should be explored further* Such considerations also make 
exposure of pregnant women or women at risk of pregnancy to vinyl chloride a special 
concern* 


B6y Ibid. p. 27. 

^ / Dr. Infante. Personnel Communication. ^ 

Maltoni* C., and G* Lefamine* Carcigenlcity Bio-Assay of Vinyl Chloride: 
Currant Results* Annals of the Hew York Academy of Sciences* v. 246. 
-Jan. 31* 1975. p. 195-213. (in print). 
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XXI. THE OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION STANDARD 


The Occupational Safety and Health Administration (OSHA) standard seta an expo¬ 
sure limit of 1 ppm averaged over any eight hour period and a ceiling of 3 ppm 
averaged over any period not exceeding 15 minutes. This standard applies to the 
entire vinyl chloride industry, VCKcand PVC producers and fabricators but, where 
monitoring shows that no employee Is exposed to levels over 0.5 ppm TWA, as is the 
case presently in many fabricating plants, the employer will be below the "action 
level" and exempted from many provisions of the standard such as medical surveillance 
and continual remonitoring* Where levels of VCM exceed the permissible level the use 
of respirators is required. 69/ 70/ 71/ Medical surveillance of employees, and re¬ 
tention of records of exposure and medical examination for more than 30 years are 
required* The standard was ordered to go into effect January 1, 1975. Until January 
1, 1976, however, though employers must provide respirators, if VCM remains below a 
[25 ppm ceiling, the employee may decline to wear them. 77 / ‘‘V.;. . " 

j|^ : For current occupational exposure limits for VCM in nine foreign countries see 
Appendix IV. V ■ ‘ 1 


69/ 39 FR 45012 

70/ U.S. National Institute of Occupational Safety and Health. An Evaluation of 

Organic Vapor Respirator Cartridges and Canisters Against Vinyl Chloride. Wash¬ 
ington, D.C., 1974. 

71/ For a g ener al review of respiratory protection see Stel 1,man, J.N. and S.M. Daum* 
Work la Dangerous to.Your Health. New York, Vintage Books, 1973. p. 306-326. 

72/ 39 Fed. Reg. 35890. (1974). 
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XI3X- FEASIBILITY OF THE OCCUPATIONAL SAFETY AND 
HEALTH ADMINISTRATION STANDARD 

There is little dispute by government and industrial experts that PVC fabricating 
plants can reach a level of 1 ppm in ambient workplace air with little difficulty or 
economic disruption. However, industry representatives have contended that the im¬ 
position of a 1 ppm level standard for VCM producers and PVC resin industries is 
te chnically impossible. Enforcement of such a standard, they claim, would cause shut- 
' down of PVC plants in the United States, eliminate 1.7 to 2,2 million PVC related jobs*, 
and res ult in a loss of production valued at $65 to $90 billion dollars per year. 73/ 
Foster D* Snell* Inc, t an independent consultant company, in their report to OSHA, 
concluded that "acheiving no detectable levels ... is judged not feasible, both in PVC 
and VCM sectors." The Snell study offers several reasons for concluding that the stan¬ 
dard is infeasible: technology to eliminate VCM leaks and fugitive losses does not 
exist* existing plants have not been designed to operate at no detectable VCM level, ^ 
era is no operating experience in operating at very low VCM levels, there are no V 
(technology transfer opportunities to aid in design of new plants and, t c ause PVC 
-manufacture is a batch process, it could not be made emission—free. The S n e ll study 
estimated the cost, time needed for implementation and danger to the economic life of 
the industry as shown in Table II. 7V Both the Society of Plastics Industries and the 
Snell study are in agreement that control of emissions from VCM plants will be rela¬ 
tively easier. 



-13/ Putting VCM Emissions on Skids. Chemical Week, Sept. 18* 1974. p* 67 and 71. 

74 f Showdown on Vinyl Plant Rule Presages Shutdown* Chemical Week, Sept. 25, 1974* 
p. 15. 
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Table II 

1 Foster D. Snell, Inc. Report on 


QSHA's vinyl standards impact: higher costs, fewer plants 



Incnw in everoqt 
unit post* (cpntt/lb.) 

Time needed 

Proportion 

Lon of 

to comply 

of industry 

Direct productivity Tot *! 1 

{moo tho) 

•nden c» red 1 

1 




tor pUnts 

15 a04 0.03 

is aod ao3 

2-5 0.17 0.15 

ttctotoUemounr - ■ ■ - 


•f pitots 

= 0,19 035 

,0 15-25 0L3S a49 

'$ 10-15 090 0.70 

tvcubit*mounf' 4.01* XQ7* 


0.07 ± 10% 0 

0.12 ±40% 24 

032 ±40% 36 

Not f«*uW* 

0.54 ±20% 06 

ass ±35% 30 

1.60 ±50% 30 

7.08 ± 75%* 30-48* 


Nvgitytbit 

4% 

26% 

100 % 


ehtwidi monnffi f <VCM) content, tnpf i fl n porn per million, In tho ok to which 
r«M ere OtpoMP, 1 With Mimitip nwp of variance tor Individual plant*, b aa a d OH 
iniiatkal anaiyiinPl dots, ^amntapa o* capacity that managamant would atrtotuly 
ariiwmnfdQwn, * Beeed on Firestone* ettimetee; actual compilmca i« not considered 
«. Source: Fottar D. Snail, Inc. 


rol of VCH emission in PVC resin production, according to Walter 
Tjor trouble spots are at four primary points in the manufacturing 

m*'' •••-- 


r^HBldlng tanks, 2 ) dryer, 3) reactor (during routine cleaning 
v A) recovery systems for process vent gases .**75 / The largest 
be cleaning the humid, VCM filled air that has been used in drying 
s amounts of air must be used, 40,000 cu. ft. / minute, for example. 

Id be solved if the VCM vere removed from the slurry before it 
r. Alternatively, this air might be dehydrated and recycled* Equip- 
is available, but very expensive. 

Iques for controlling VCM emissions are presently under investigation, 
is adsorption of VG1 frem vent gases by activated carbon with re* 

„ * . V 

e jnon mer by steam or the final vent gas streams from emission sources 
rated to remove most of the remaining VQi. Such methods could possibly 


Vit-rv*-- 

Maf 


£ Emissions on Skids, op. cit* p* 66. 
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i ve levels of 5 ppm according to Tenneco Chemicals. Another process developed by 
Robin-Tech (Ft* Worth) is called Rocor UCC (in-kettle compound). It is in the process 
f being patented. The process combines two commonly used steps t resin making and 
incorporation of additives. The company claims that FVC made by this process virtually 
eliminates exposure of workers to VQd in the fabrication process* Companies are also 
looking into the possibility that the polymerization process may be driven more nearly 
to completion, thus easing the problem of down-stream clean-up* Another possibility is 
the remote peration of plants* Separation of control areas. from reactor areas, while 
decreasing the on-the-spot ability to deal with emergencies, would decrease worker 
exposure*76/ 

"Tenneco has licensed a new PVC process which, in theory, should allow no film 
deposits on reactor walls. Consequently it is hoped reactors will not need to be 
opened on a routine basis In the Tenneco plant now being built in Pasadena, Texas*” 
Dow, in its three monomer plants in Texas has instituted a series of procedures in¬ 
cluding magnetic leading gauges for task cars rather than venting gas, reintroduction 
ft. the closed system of gases removed for sampling rather than release to the atmos¬ 
phere and use of inert gases to purge any part of the system that must be opened*77 / 
There are readily available substitutes for PVC In some products, more expensive 
.substitutes for others and no substitutes at all for still others*78 / Glass, poly¬ 
ethylene, polyvinylidene chloride, and other substitute materials could be used for 
containers, food wraps and packaging, in some cases, in place of PVC* According to 
Ralph L* Harding, President of the Society of the Plastics Industry (SPI): 79/ 


76/ Ibid* - ' 

7 JJ Glack, G. The Best Available Evidence. Job Safety and Health, v. 3, no. 1. Jan* 
. 1975. p. 12* 

78 / U*S. Environmental Protection Agency, op* cit* p* 1-5* 

79 J U.S* Congress* Senate. Subcommittee on the Environment* op. cit* p* 95* 
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t ^B»d take a mini7mm of three to five years to come up with a replace* 
su^Rng material” foe wires and cables, ”PVC is regarded as having no 

qual as a sealant for bridges and airport construction.The PVC belting 

7 has similarly stated there is no known substitute for conveyor belting 
am PVC.” 

environmental impact statement suggests that * in the long run U.S. companies 
t profitable to build plants abroad." Tne OSHA final standard states ”We 
he PVC and VCM establishments will not be able to attain a 1 ppm TWA level 
classifications in the near future* We do believe, however, that they will, 
able to attain levels of 1 ppm. TWA for most job classifications most of the 
apparent that reaching such levels may require some, new technology and 
es* It may also be necessary to utilize technology presently used in other 
80/ According to the petition filed by the SPI before the United States 
eals there is no evidence to support the technological feasibility of ever . 
e exposure limits set by OSHA's final standard and the real effect of adop- 

standard .will be to compel full-time us*a of respirators by the work force 

; ‘ % rr'TT'■ -P.jf; \ .\V i.'.*■' *•' ‘ - * . ' ■*;* V. 1 » ■ ■" :f ?f V ’ V : ‘; ’ * - 

3 olf, will be detrimental to employee health. 81 / On October 1, 197A SPI 

♦ t‘\ ■">'*' rS'', 't/*1*' J " r ^'" *' ? : V“ 

d^Bl review of the OSHA standard before the U.S* Court of Appeals* On _•? 

■i3v-/;■ ■-:: &•' >*: v r ^ s ‘: '>7.*^T 

1974 they asked OSHA to postpone the^effactive date of the standard and \ 

■■■" ■ . ! t. v^f> r V‘^ \ v V"\l* r r £:Yt ~ T rH'V r 

i. ^ On December.3, 1974 SPI asked theU.S* Court of Appeals to stay the - 

lending the decision of the court, and on December 13, 1975 the Court of 
ited a stay of the OSHA order* 82/ ; ‘f* .* 




Beg. 35890. (1974). 


jurt of Appeals for the Second Circuit. Brief for the Petitioner: The 
7 of the Plastics Industry, Inc* versus the Occupational Safety and Health 
itratiou. (Case no* 74-2234) Washington, D.C., Bryon S. Adams Printing, 
tav. 12, 1974. / * = V^C\= • / --- - 

?->>> 

zz Comer. Journal of Commerce, Dec. 5, 1974. p. 8 * 










APPENDIX I; CHRONOLOGY OF EVENTS 


1946 American Conference of Governmental Industrial Hygienists establishes 

occupational exposure limit of 500 ppm for vinyl chloride in workplace air, 

1949 A Russian grdbp finds 15 of a group of 48 FVC workers with a hepatitis¬ 

like condition* 

1961 Torkelson et al* discover slight reversible liver injury to rats 

exposed seven hours per day to 100 ppm*. He recommends that the TWA.of 
VCM not exceed 50 ppm* 

1968 Kramer and Mutchler suggest that repeated exposure to VCH at 300 ppm 

TWA for a working lifetime can cause impairment of liver function t but 
no overt clinical disease in humans* 

1970 ACGIH proposes lowering VCH exposure limit to 200 ppm because of liver 
toxicity studies. This action affirmed in 1972* OSHA level under 
the Occupational Health and Safety Act remains 500 ppm. 

day 22-29, Dr* Viola, at the Tenth International Cancer Congress describes 

1971 observations of malignant tumors in the zymbal glands, skin, and 
lungs of rats subjected to levels of 30,000 ppm VCH. 

Ian* 30, 1973 NI0SH publishes in the Federal Register a request for information on 
the hazards associated with vinyl chloride and other substances from 

: , its 1972 priority list- ; . / . _ 7 

Spring,. 1973 B*F. Goodrich initiates liver tests on its VC Industry workers* 

lay, 1973 Dow Chemical warns Its monomer customers not to use VCH la aerosols* 

lay 9, 1973 FDA proposes rulemaking prohibiting the packaging of alcoholic foods 

in FVC because of leached VCH* Publishes notice in the Federal 
Register May 17* 

Fall, 1973 B*F* Goodrich finds 55 out of 271 tested workers show apparent liver_ 
abnormalities* 

Jan* 22, 1974 NI0SH is notified by B*F* Goodrich of three angiosarcoma deaths in 
the Goodrich plant in Kentucky* 

Tan* 24, 1974 KX0SH - CDC conduct onsite inspection of the Kentucky Goodrich ^lant* 

fan* 30, 1974 OSHA fact-finding hearing is announced* 

Teb* 1, 1974 NIOSH — CDC holds a briefing for Federal agencies concerned about VCH* 

feb. 15, 1974 the OSHA informal fact-finding nearing on the possible hazards of 
vinyl chloride manufacture and use was held* 

Feb* 21, 1974 Health Research Group, a Washington-based consumer action organization, 

i petitions Consumer Product Safety Commission (SPSC) to prhhlbit continued 
... v.ij use of household product s con taining VCH as a propellant and to remove 
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VCM containing products from the market; FDA to ban and name cosmetics 
with VCM; and EPA to suspend the use of pesticides containing VCM. 

Mar. 11, 1974 NIOSH publishes a recommended occupational health standard for VCT at 
no detectable level. 



Mar. 28, 1974 EPA asks for a voluntary ban of VCM in pesticides. 

Apr. 3, 1974 Recall by FDA of cosmetics containing VCM* 

Apr* 5, 1974 OSHA sets an Emergency Temporary Standard for VCM in air at 50 ppm. 

At this time no angiosarcomas had been found in animals at levels 
below 250 ppm. (39 FR 12341). 

Apr* 15 f 1974 Industrial Bio-Test Labs presents data showing animal cancer at 
50 ppm. 

Apr* 17, 1974 EPA releases the names of some pesticides containing V®. 

Apr. 22, 1974 FDA requests a list of all marketed drug products containing VCM as a 

propellant or packaged in PVC. (39 FR 14238). * ^ 

Apr* 22, 1974 FDA publishes a notice of proposed amendment to the Food, Drug and 
Cosmetic Act concerning the use of VCM as an ingredient of aerosol 

i' drugs and cosmetics. Drugs containing VCri or packaged in PVC will 

require a New Drug Application. (39 FR 14215). , - 

Apr. 24, 1974 OSHA publishes notice of an intent to file an environmental impact 

' ^ statement of the proposed occupational VCM standard. , (39 FR 14522). “ 

Apr. 26, 1974 EPA gives notice of an emergency aispension of the sale of pesticides 
containing VCM and an Intent to cancel registration of the use of 
. VCM in Indoor pesticide sprays. (39 FR 14753). ‘ 

April and May, EPA carries out initial monitoring of the emission of VQf by twelve 

1974 VCM and PVC plants. 

May 7, 1974 CPSC requests Information on which aerosol products contain VCM and 
on possible hazards of these products. (39 FR 16511). 

May 8, 1974 AFL-CIO Industrial Union Department petitions OSHA for amendment of 
the Emergency Temporary Standard to be lowered to no detectable 
concentration. 

May 10, 1974 OSHA prints notice of proposal to reduce the limit of occupational 
exposure to VCM to "no detectable level" or 1 ppm plus or minus 
0.5 ppm. (39 FR 16896). 

May 10 and 11, New York Academy of Sciences with the American Cancer Society holds a 

1974 symposium on VCM sponsored by NIOSH and NIEHS. Among others, Dr. C* Maltoni 

gives data. 


May 23, 1974 CPSC prints notice of proposal to ban household aerosols containing 
VCM. (39 FR 18115). 










- ’ v 
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May 24 f 1974 
May 31, 1974 

June, 1974 
June 11, 1974 

June 12, 1974 

June 24 and 25, 
1974 


June 25 and 28 
July 8 and U, 
1974. 

jJuly 1, 1974 

July 29 and 31, 
1974 



July, 1974 

Aug. 21, 1974 
Aug. 26, 1974 

Sept., 1974 

Sept. 6, 1974 
Sept. 13, 1974 

Sept. 10, 1974 


OSHA gives notice of a public hearing on VCM (39 FR 18303). 


EPA requests manufacturers of VCM and PVC resins to provide detailed 
technical and economic information concerning steps that have been 
and could be taken to reduce VCM emissions, under section 114 of the 
Clean Air Act. 

i ■ 

;CDC establishes nationwide surveillance registry for angiosarcoma. 

The Administrator of EPA releases preliminary data from monitoring of 12 
VCM PVC plants indicating no imminent pollution hazard. 

OSHA announces availability of the draft copy of the environmental 
impact statement. Notice published in the Federal Register June 25. 

(39 FR 22975). 

IARC/WHO Working Group on Vinyl Chloride meets In Lyons, France to 
consider procedures for coordination of future international activities. 
NCI and NIOSE-CDC participate. 

The OSHA hearing before Administrative Law Judge Hyatt on the possible 
hazards of exposure to VCM. 

EPA releases additional names_of pesticides containing VCM. 

The National Institute of Environmental Health Sciences holds a meeting 
at Pinehurst, North Carolina to assess the public health aspects of the 
plastics Industry. 

The Department of Transportation publishes proposals to amend the bulk 
dangerous cargoes regulations for carriage of VCM (39 FR 26752) and 
requirements for flamable protection for VCM and others (39 FR 27572). 



CPSC bans VCM as a hazardous substance* (39 FR 30114). 


FDA publishes regulations which ban the use of VCM in cosmetics and 
require a New Drug Application for marketing drug aerosols with VCM. 
(39 FR 30830). 

EPA Issues preliminary assessment of environmental problems associated 
with VOt and PVC. 

V 

OSHA files final environmental impact statement. (39 FR 32350). 

OSHA files notice of the availability of the final economic impact 
statement for compliance with the.proposed standard. (39 FR 33009). 

t 

EPA releases a report on air and water monitoring around several 
VCM and PVC plants. \ 

OSHA announces new regulations concerning levels of VCM in workroom 

air. 



Oct•1, 1974 
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Oct.l* 1974 


Oct, 4, 1974 


Oct. H, 1974 


SPI asks for Judicial review of the OSHA standard before the U.S* 

Court of Appeals, (case no, 74^2284). 

OSHA publishes the Occupational Safety and Health Standard for 
VCM (39 FR 35890). It is a time weighted average of 1 ppm with 
a ceiling of 5 ppm and Is scheduled to go into effect on Jan. 1, 1975, 

o 

CFSC denies requests by manufacturers for a hearing on the classifica¬ 
tion of VCM as a banned hazardous substance and more specifically of 
the order to repurchase VQ1 containing aerosols, (39 FR 36576), 


Nov. 5, 1974 SPI requests OSHA to postpone the effective date of the standard. 


Nov. 12, 1974 


Dec. 3, 1974 


Dec. U, 1974 


Dec. 13, 1974 


SPI files a brief in the U.S* Court of Appeals of the Ninth Circuit 
against OSHA for review of the OSHA standard. 

SPI asks the U.S. Court of Appeals of the Second Circuit to stay the 
implementation of the OSHA order pending the decision of the court. 

The U.S. Court of Appeals for the Ninth Circuit stays that portion 
of the order of the CFSC ban on VCM aerosols requiring manufacturers 
to repurchase their products. 

The U.S. Court of Appeals of the Second Circuit grants SPI a stay of 
the OSHA order* 


Jan. 1, 1975 The OSHA standard did not go into effect because of the Court action. 
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APPENDIX II: FEDERAL REGISTER 39, 35890, THE OSHA 
STANDARD FOR EXPOSURE TO VINYL CHLORIDE 
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RULES AND REGULATIONS 


Title 29—Ubor 

VPTER XVII—OCCUPATIONAL SAFETY 
tND HEALTH ADMINISTRATION, DE¬ 
PARTMENT OF LA COR 

ART 1910— OCCUPATIONAL SAFETY 
AND HEALTH STANDARDS 

ttndnil for Exposure to Vinyl Chiond* 

pursuant to section 6<b). 6'd. and 
) of the Occupational Safety and 
ilth Act Of 1970 (£4 StaL 1593. 1596. 
9; 29 U.S.C. G55, GS1* Secretary of 
jot's Order No. 12-71 *35 PR 8754) 

1 29 CFR Part 1911* 1 1910,93 of Part 
0 of Title 29. Code of Federal Hestt- 
on* la hereby amended in the manner 
forth below, in order to provide an 
mpational Safety and Health stand- 
1 dealing with the exposure of em- 
yees to vinyl chloride* 

. fiaeJtaround—u> Vinpl chloride. 
tyl chloride (chloroethenei, Chemical 
* tracts Sendee Registry No. 75014* Is a 
ithetic organic chemical made from 
yltne or acetylene and chlorine by any 
several processes. It is the parent 
npound of a series of thermoplastic 
in polymers and copolymers which 
t widely used for containers, w r a pp i ng 
a, electrical Insolation, pipe* conduit. 
1 a variety of other Industrial anl 
isomer products* Vinyl chloride has 
h made commercially in this country 
ce 1939. and present production Is in 
less of seven billion pounds per year, 
e vinyl chloride industry divides into 
ee segments: monomer production, 
ymer production, and fabrication, 
xluction of the monomer is a large- 
Je continuous process, involving only 
ew firms. There are comparatively few 
plover* in this segment of the Indus- 
; because the process es lend them- 
vet to au tomat io n . * 
gteyl chloride <VC) it used primarily 
the production of polyvinyl chloride 
VO * a resin which Is produced through 
tch processing. The conversion of the 
! monomer into a polymer or copo lym er 
an incomplete process* Le, not all of 
» monomer is reacted. 

PVC Is fabricated by a variety of tech* 
joes, including extrusion* injection 
tiding and calendering, to form a Un¬ 
it U product that needs no further 
finical handling. The vast majority 
employees involved in the VC Industry 
f employed by fabrication firms* Such 
ms range in site from those with lew 
iployee* and simple equipment to large 
tnts involving many employees and 
nsiderable capiiaL' 

Vinyl chloride iVC>. a gas at ambient 
nperature and pressure. Is a ehlorl- 
ted hydrocarbon. which heretofore has 
en regarded os having moderate liver 
slrity. The initial standard* contained 
Table G-l of 1910.93* established a 
nine value of 500 parts of VC per mil- 
n parts of air. 

(2) The emergency temporary stand* 
d* On January 23* 1974* the Oecupa- 
jnal Safety and Health Admin is tra- 
m tOSHA) was informed by the Na- 
>nal institute for Occupational Safety 
id Health iNIOSlD that the B. F* 
oodrtch Chemical Company had re¬ 
nted that deaths of several of its em¬ 


ployees f r om a rare liver cancer (angio- 
sa rco ma) may have been occupationally 
related. As a result of this notification 
and alter consultation with NIOSH* and 
a Joint inspection of the B. F. Goodrich 
plant by OSHA* NXOSH and the Ken¬ 
tucky Department of Labor, a fact-find 
tog hearing was announced on Janu¬ 
ary 39. 1974 130 FR 3874) and held on 
February IS-1974. 

Information obtained from this bear¬ 
ing, particularly the pr e l i mi n ary reports 
of experiments conducted by Professor 
Cesare Mai ton! of the Institute di On- 
coiogta* Bologna* Italy, demonstrated 
that vinyl chloride induced angiosarcoma 
In rats at levels as low as 250 ppm. and 
In other species at higher levels. Experi¬ 
ments performed at lower levels of ex¬ 
posure were not completed at that time. 
Other testimony from medical witnesses 
and NXOSH, and the results of autopsies, 
led to the conclusion that the Goodrich 
workers had angiosarcoma of the liver 
and that VC probably was the causal 
agent in the angiosarcomas observed. 

In post hearing comments, additional 
angiosarcoma deaths were reported 
among workers who had been expos ed to 
VC In plants operated by Union carbide 
Corporation. Firestone Plastic* Corpora¬ 
tion and Goodyear Tire it Rubber Com¬ 
pany. 

On the basis of all Information avail¬ 
able at that time, and the fact that em¬ 
ployees were being ex pos e d at levels 
around the experimentally observed ef¬ 
fect level of 250 p pm, a n ememxcy 
temporary standard (EX5) was promul¬ 
gated on Apill ft, 1974 09 FEE 123411 
pursuant to se ct ion «<c> of the Act, a* 
29 CTR 1910*30. .1- 

Thls standard reduced the permissible 
exposure level from a ceding of ftOO ppm 
to a SO ppm ceUlnx. and established other 
r e qgfttraenta, including* for example, 
monitoring and respiratory protection* 
Xt arms expr e ss ly Recognised that this 
standard limiting e xpo sur es to a 60 ppm 
ceiling was a tentative. interim standard* 
and that the whole Question of exposure 
to VC would be considered more fully 
In the light of additional information* 
etoodsUr the results of experiments 
which were known to be underway at 
that time. 

On April 15,1974. information and data 
were presented to r e presen t at ives of 
OSHA* NXOSH. and the Environmental 
Protection Agency by the Industrial Bio- 
Test Laboratories* Northbrook* Illinois* 
concerning results of animal exposure 
studies «ith VC, Theca studies were 
sponsored by the Manufacturing Chem¬ 
ist* Association. Although only, pre¬ 
liminary In nature at that time, these 
results re v e a led that 2 out of 200 mice 
exposed to VC concentration* of 50 ppm 
for 7 hours a day* five day* a week, lor 
approximately 7 months, had developed 
angiosarcoma of the iiyer. 

131 The proposed permanent stand¬ 
ard, Based on Uie demonstrated evidence 
of VCs carcinogenicity in three animal 
species lrats, mice and hamster* >. and 
the suurtahtial probability that VC hod 
been the causal agent in live cases of liver 
angimorcocna found in workers both hero 


and abroad* OSHA proposed to revire 
1910.93q and published a eomprrlicnMve 
proposal i33 FR 16890) on May 10, 1974. 
to protect employees from hazards of 
exposure to VC. The proposal called for 
limitation of employee exposure to VC to 
**no detectable level" as measured by a 
sampling and analytical method sensitive 
to l ppm. with an accuracy of l ppm 
^50 percent. The proposal aJ»o called 
for the establishment of regulated areas 
and limited access to such areas to au¬ 
thorized person*. A requirement for 
monitoring of employee exposure* was 
proposed, along with engineering and 
work practice controls to be implemented 
when exposure* over the detectable limit 
were measured* 

Respiratory protection would have 
been required while engineering and work 
practice controls were being implemented 
or where exposures exceeded the per¬ 
missible limit even after feasible en¬ 
gineering controls were instituted* 

In addition, the proposed standard 
included requirements for medi ca l sur¬ 
veillance, protective clothing, emergency 
pro c edures, training* specific protection, 
during maintenance and decontamina¬ 
tion operations, transportation loading 
and unloading operations and recor d - 
keeping* 

(4> Hearing on the proposal The pro¬ 
posal. ms published an May 10. 1974, 
allowed 30 days for interested parties to 
submit written comments and to request 
an informal rulemaking hearing. In¬ 
formal contacts with OSHA staff and 
early response* indicated that the sub¬ 
let was of great interest and Importance 
to many perrons* Because of the limited 
time available before expiration of the 
six month period provided in section 
6(0 (31 of tbs Act for promulgation of 
a final standard, it was decided to hold 
a hearing as soon as possible. Accord¬ 
ingly, an May 24,1074. a notice of a bear¬ 
ing was published (39 FR 18303)* setting 
a hearing data of June 25* 1974. The 
hearing was conducted from June 25 
through June 38* and again from July 8* 
through July 11, before Administrative 
Law Judge Gordon J* Hyatt* All partici¬ 
pants were given the opportunity to pre¬ 
sent testimony and to cross-examine 
other witnesses. Persons participating in 
the hearing were given until August 33, 
1974* to file additional posthearing com¬ 
ments. Including various items of infor¬ 
mation which were requested during the 
examination of witnesses. 

tft) Economic and technical impact 
study* During the hearing* OSHA deter¬ 
mined that additional facts would be 
needed to determine the practicality of 
certain aspects of the proposed stand¬ 
ard. Accordingly* OSHA contacted on in¬ 
dependent consultant. Foster D. Snell 
Corporation, to conduct studies of the 
feasibility of compliance at various ex¬ 
posure levels* Including those proposed 
by 05UA and others advanced by in¬ 
dustry spokesmen. Snell «u also com¬ 
missioned to collect information regard¬ 
ing the economic costs of compliance* 
This action was announced at the clo<e 
of’Uie hearing* and Judcc Myall further 
announced that the record would be kept 
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pen for a period of time beyond August 
I. to allow interested persons to com* 
tent in writing on the study. On August 
e. 1874. OSHA announced that the pre- 
mtnsry study was available and that 
ommmta were to be submitted no later 
ban September 6. 1074 (30 Fit 30644). 
m September 13. 1974. OSHA invited 
omments on both the preliminary and 
be final study, which was to be received 
n or before September 25. 1974 <39 Fit 
3009). 

(8) Environmental impact statements. 
. notice of Intent to file an enrtronmen- 
tl o** W . 

act of a proposed standard on oocu- 
atlonal exposure to VC was published 
l the From. Rxnsra on April 24. 
974 (38 FR 145221. The notice Invited 
or person having Information or data 
a the environmental Impact to submit 
; to OSHA by May*17.1974. On June 12. 
874. a draft s n r inniment al impact 
tatement was prepared and circulated 
> all Interested petrosa, Ten copies were 
awarded to the Cou ncil of Environ* 
lental Quality (CEQ), which published 

notice of its filing and availability in 
be F uc al Brcirm on June 25. 1974 
39 FR 23975). A 45 day period was al- 
yfte for t hf submission of comments on 
be draft statement. Cn September 5. 
974. the final environmental impact 
tatement was prepared and a copy of It 
nd all .substantive comments were sent 
» appropriate governmental m oc h a, 
rtvate c ry nt n Mo c a, and other inter* 
•ted p ers on a. CEQ p**^*** a nctkvsf 
ea flabUlt y for the fi nrl —nt on 
wptember «. 1974 (39 m 22350). Urn 
ohmlsaion of comment was invited tm- 
a September 25. 1974. 72te final state* 
Mat mi all slcnlfleant comm act a hu e 
oen carefully considered in antrtfig at 
be fi nal ftf n^ wr l fn occ u pational exi p^ — 
ore to VC. 

(7) The re co rd. The record In this 
voccedlng i* *rf th* most 
ver relied upon fay OSHA. It conststa of 
ce- ■ywi post-hearing wwiwi i uta ami 
tstlmonr twtf u d at both factfinding 
nd rulemaking hearings, the studies and 
nspectioni conducted by Q3HA person* 
eL the Atinminentcd Impart state* 
aunts, the eoonomio and ****»"<**! 
aspect studies, and all other relevant 
of ormaticn. In all. over 600 written com* 
amts have been received, with more 
han 200 separate oral and written sub* 
aiisions made with regard to the two 
levrir gy The record itself-exceeds 4.000 
ages. Employers, employees, labor 
mlans. public health croup*, independ* 
nt experts, physicians, research •den- 
tits. and sp eci alists In many fields have 
een Invited to submit information and 
tave made their views, knowledge and 
xperience available to OSHA. The cn* 
Ire record encompassing these cuhmis- 
lons was thoroughly reviewed and 
rvaluated in reaching the detennina- 
lans set forth below. 

XL Findings reyardlnQ caixlnoomlclty, 
Tposure levels and feasibility —il) Car- 
inogcnictiy of vinyl chloride. The car- 
dnocenicity of vinyl chloride for three 
inlmal species (rat, mouse, hamster) has 
>een documented on the rec o rd by the 
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studies of MaltorU and Bio-Test Labora¬ 
tories. Moreover. Mai toms invest! cations 
have demonstrated a dose-dependent re¬ 
lationship for induction of tumors (Le„ 
more tumors occur at higher exposure 
levels), including angiosarcoma of the 
liver, in rats. The investigations of In¬ 
dustrial Bio-Test Laboratories have dem¬ 
onstrated a similar relationship for 
both rate and mice. These investigators 
have induced a n giosarcoma of the liver 
In rate and mice at exposure concentra¬ 
tion* of 50 ppm. and in hamsters at high¬ 
er concentration* of exposure. Additional 
tumors involving other organs, including 
the kidneys, lung*, and skin of exposed 
animals, we r e also observed in frequen¬ 
cies m of control annuals. 

Tbo incidence of tumors in mice in the 
Industrial Bio-Test Laboratories investi¬ 
gation* 1* particularly pertinent. Of 200 
mica (100 maim, 100 females) exposed to 
50 ppm of vinyl chloride by Inhalation lor 
eleven months. 100 died. Sixty-four ani¬ 
mal* died without gross postmortem 
i H( nf pe r f orrn fd i 
Of the 20 remaining outputs for which 

tion we* performed. 13 (30 percent) 
were found with liver tumors (Including 
angiosarcoma*). 21 (6* percent) with 
ltmg turners. 9 (25 percent) with akin 
tiimnre. and one with a kidnap tumor. 

According to the 1970 r eport by the 
Surgeon General'* Ad-Hoc Committee 
on the Evaluation of Low Levels of En¬ 
vironmental Chemical Gcxdncceas. the 
finding of cancer In two or mom antes! 
specie* may he extr ap o lated to *"*<»»*» 
ft caretD omo lfrhaaar d to hmm , 
ri ff >\ * flaggy w as made fa thr ee s p ecies 
that wre exposed to VC by inhalation— 
a route cgwpsrah l e to employe e ex¬ 
posure. In artrtttlrm. there were at least 
13 confirmed cams of angiosarcoma of 
the liver employees exDoaad to 

VC. a partUmiarty ctfnHteawt in 

view of the extreme rarity of this cancer 
In the UB. adult male population (testi¬ 
mony of Dr. Marcus Hey. Director of 
MIQ gEL at the rulemaking hearing). 

The findings of angtrmicoma of the 
liver in h"^h expe ri mental *«♦****)* and 
exposed employees Is compelling evi¬ 
dence that exposure of humans to vinyl 
chloride Induces this tumor. Industry 
spokesmen, at the hearing, conceded 
that VC is carcinogenic for humans (e^g. 
testimony of Dr. McBurncy, Rulemaking 
hearing. 1041), Accordingly. U is con¬ 
cluded that VC must be regarded as a 
human carcinogen, and the probable 
can s cl agent of angiosarcoma of the 
liver, and that exposure of employees to 
VC m ust be co ntr olled. 

A ddi t io n al evidence of tumor Induction 
In a variety of other organ*. ineituUn- j 
lung, kidney, brain and skin, as well os 
non-malignant alterations, such as fi¬ 
brosis and connective tissue deteriora¬ 
tion, indicates additional oncogenic and 
toxicologic properties of vinyl chloride, 
which must be considered In establishing 
control regulations. (Sec testimony and 
results of studies by Bio-Test Labora¬ 
tories. Taberahaw-Coopef, M altoni. 
NIOSH, and Sclikoff.) 

(2) Exposure limits . Upon finding that 
exposure of employees to vinyl chloride 


may create a carcinogenic hazard, the 
amount of exposure which is-hazardous 
must be determined. The Surgeon Gen¬ 
eral's Ad Hoc Committee referred to 
above concluded that safe exposure levels 
for carcinogenic substances cannot be 
scientifically determined. This position 
is supported by the testimony of NZQSH 
at the hearing, its recommendation* for 
a standard of no detectable level, and by 
the testimony of expert witnesses from 
the National Cancer Institute. 

Several witnesses and person* who sub¬ 
mitted comments have taken a contrary 
view and have suggested that man is less 
sensitive to biologic aberrations induced 
by vinyl chloride exposure than experi¬ 
mental animals. Proponents of this posi¬ 
tion have argued that if humans were a* 
sensitive as rodent*, an “epidemic" of 
cancer resulting from VC exposures 
should have already been di scove red 
among employees. They also argue that 
the employees tn whom tumors have been 
observed are those who have considerable 
employment experience as polymeriza¬ 
tion reactor cleaners. Because It Is gen¬ 
erally agreed that reactor cleaning in¬ 
volved high e x pc ur ee to vinyl chlorUc 
In years past. It Is argued that the lower 
levels currently found In the workplace 
have not Induced cancer and are there¬ 
fore safe. We reject this argument. 

The fact that approximately three- 
quarters of those employees with the 
longest exposure to VC (greater than 
20 years since Initial expo sur e) have not 
yet been l oc ated , maim* it impossible to 
determine the actual number of affected 
employees. The earns of liter tumors ob- ■ 
served to date have an average latency 
pBhxt rinea initial exposure, of approxi¬ 
mately 20 years. Xf.lt is assumed that in¬ 
duction of anstasttooma Is a donee- 
lated phmmcaon. ana If employees en¬ 
gaged In cleaning r eactor s did. In fact, 
receive larger daw of vinyl chloride; it 
would be expe cte d that neb lanm 
would be o b s er ved earlier lor this em¬ 
ployee population. Fur this reason, the 
significance of presumed lower doses 
cannot be accurately iwiied until a 
looger period of time fpi*# pf—*j a* a 
longer Induction period would be 
expected. 

Initiation of expo wire to chemical 
carcinogens and Induction of cancer are 
not necesasrily synchronous events. Be¬ 
cause of the physiologic complexities in¬ 
volved with carctnogirpeat*. induction of 
tumors does not occur in all employee* 
with similar ex po sur e histories. For ex¬ 
ample. Dr. fichnetrtennan of the Na¬ 
tional Cancer Institute emphasized dur¬ 
ing hi* testimony that only about a filth 
of longer-term heavy sous txa develop 
lung cancer. Accordingly, the industry 
contention that exposure level* Imve 
been dramatically reduced since the 
1940's Is not reliable evidence that cur¬ 
rent levels of exposure are cafe. 

Borne industry spokesmen also sug¬ 
gested that the apparent nonrandom 
distribution of observed cancer In em¬ 
ployees may indicate an exposure thres¬ 
hold lor tumor induction, based on varia¬ 
tions in the workplace design or prac¬ 
tice and resultant employee exposures 
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(testimony and questioning by Termeco 
Chemicals, Uic*). It has alio been td- 
phasixed Uiit in only a of E polymerum- 
ticn plants where employees have been 
exposed to VC ter more oun 20 years 
have any employees developed angiosar¬ 
coma of the liver. This argument i r. very 
similar to that raided concerning vari¬ 
ability ct pact employee eapooure* Al¬ 
though geographic and vor it practice dif¬ 
ferences may ultimately be demonstrated 
to be factors in liistnbuunn of anguoaar- 
coma, sufficient Information is unavail¬ 
able to exclude from consideration of 
risk those, employees in workplaces for 
which cases of angiosarcoma have not 
been observed. 

It has also been suggested that the 
absence of cancer in a population of 335 
Dow Chemical Company polymerteatton 
employees monitored ova* a period of 7 
years, tnrtlratri that exposure to* vinyl 
chloride at concentrations of less than 
; 300 ppm Is safe* (See study by Dr. Conk, 
snbmitted at the hearing by Dow Chem¬ 
ical Company.! Howeva. the group sur¬ 
veyed did not Include aD workers .who 
had been exposed, and the misting em¬ 
ployees included many who had ths 
longer term (over 30 yean) exposures* 
Moreover, the statistically Insignificant 
size of the sample population decreases 
the possibility that tumors would be 
observed. 

Dow also presented preliminary data 
in testimony at the hearing on the poa- 
- slble metabolic pathway* of VC. The 
hypothesis presented waa that VC may 
tm t its cara mep lc effect bv a 
alite* and that the metabolite ft* pro¬ 
duced only when VC is metabolised by a 
secondary metabolic pathway operating 
only when easym ea regulating the pri¬ 
mary pathway are saturated, aa would 
be the result at higher exposure* the 
* preliminary data indicated the peuai- 
bUfcty of an additional pathway for 
metabolism of VC in rats exposed to con¬ 
centrations of VC in excess of 320 ppm* 
However, the oce urreneo of ' aneio- 
sareoma In both rata and mice at VC 
exposure e on ew iti itlo ns of to ppm in- 
.dlcates that if a metabolite of VC la the 
ultimate carcinogen, then It must be 
generated at lower exposure concentra¬ 
tion in these spades. Although this re¬ 
search may be helpful to the thorough 
%mH *w the eardPQgqU oty of 

VC. It appears that it does not yet offer 
evidence which can assist in determina¬ 
tion of safe exposure conccntraUona for 
employee*, or even that such safe ex¬ 
posures exist* 

A number of w i t nesses repr e sen ting 
employers have s tr esse d that there is no 
evidence of cancer, either in employees 
or experimental animals, at exposure 
concentrations of VC less than 50 ppm. 
(Bee eg*, testimony of Firestone. Ten- 
neco Chemicals.) The conclusion of these 
witnesses was that no decision can be 
made concerning rise of exposure to VC 
at concentrations less than 50 ppm. 

On the other hand, the testimony of 
meat expert witnesses, including some in¬ 
dustry biomedical expert* stated that 
quantification of a safe exposure con¬ 
centration is not possible with the pres¬ 
ent state of scientific knowledge (Bee 
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eg,. testimony of BelikaS. Firestone. KCX, 
and NIOSU*) 

In our view, the demonstration of can¬ 
cer induction in humans at a particular 
level is net a prerequisite U> a determina¬ 
tion that a substance represents a can¬ 
cer hazard lor humans at that leveL It 
would be imprudent to *«»***» man to 
be less sensitive to VC exposure than ex¬ 
perimental animals in the absence of 
conclusive evidence* It would also be un¬ 
founded to assume that animals will not 
develop tumors when exposed at concen¬ 
trations of VC of leas than 50 ppm. 
Should a sufficiently Urge number of ex¬ 
perimental animals be exposed to YC at 
concentrations of less than 50 ppm. 
Bchneldennan said that It would be ex¬ 
pected that soma would develop VC in¬ 
duced tumors* 

<3! FetmbtUtv. There is virtually no 
dispute that most, if not all. fabricators 
are currently capable of reaching ex¬ 
posure ktdiofl ppm through endneer- 
inr controls. These employers employ 
well over 95 percent of ail employees ex¬ 
posed to VC. Indeed, several fabricators 
are already operating at this level (tee 
SFI testimony I. Howeva, ind ustr y 
spokesmen have universally claimed that 
it Is infeasible for the VC and the PVC 
Industries to remain below 1 ppm eott- 
aU t en UT. using engineering control* In 
addition, the flnell study on technical 
feasibility concluded that a I ppm ceU- 
tng is not teeiihle for the VC and FVC 
Industries with present technology, but 
that the VC industry could c urr e n tly at¬ 
tain lower exposure levels than the FVC 

fafa g h y fil h H uiH hh gpo faq mp ttlQ 

Health Re sea r ch Group, Inc*, howeva, 
have suggested that such a level Is at- 


Gince there Is no actual evidence that 
any of the VC or PVC manufacturers 
have already attained a I ppm M or in 
fact instituted all available engineering 
and work practice control* any estimate 
as to the lowest feasible level attainable 
must neecnaxily involve subjective Judg¬ 
ment. Likewise, the p r oj ec ti ons of Indus¬ 
try, labor, and tehera concerning feasi¬ 
bility axw essentially conjectural* indeed, 
as Firestone has suggested. It Is not pos¬ 
sible to accurately predict the degree of 
Improvement to be obtained f r om en¬ 
gineering changes until such changes are 
actually implemented* 

We agree that the PVC and VC estab¬ 
lishments will not be able to attain a 1 
ppm twa level for an job classifications 
in the near future* We do believe, how- 
era. that they will, in time, be able to 
attain levels of 1 ppm TWA for most Job 
classifications most of the time. It is ap¬ 
parent that reaching such levels may re¬ 
quire some new technology and work 
practices. It may abo be ne c essa ry to 
utilize technology presently used in other 
Industries. In any event, the VC and I’Ve 
industries have already made great 
strides in reducing e x p osure level* (Bee 
testimony of Dow Chemical Co, TR 973). 
For example. XL F. Goodrich testified 
<TR 1X30) that It has reduced average 
exposure levels in several PVC plants 
from 35-40 ppm early this year to 13-13 
ppm at the time of the hearing. We are 


confident that Industry will continue to 
do so. 

(4) Conclusions. The conclusions be¬ 
low ore based on a thorough review and 
evaluation of all the evidence submitted. 
Where decisions can be based on record 
evidence, this has been done. Where, 
however, factuai certainties are lacking 
or where the facts alone do cot provlo¬ 
an answer* policy Judgments have been 
made* 

There Is little dispute that VC Is car¬ 
cinogenic to man and we so conclude. 
However, the precise level of exposure 
which poses a hazard and the question 
of whether* "safe" exposure level exists, 
cannot be definitively answered on the 
record. Nor is it dear to what extent 
exposures can be feasibly reduced* We 
cannot wait until indisputable answers 
to these questions are available, because 
lives of employees are at* stake* There¬ 
fore, we have had to exercise our best 
Judgment on the basis of the best avail¬ 
able evidence. These Judgments have re¬ 
quired a balancing process, in which the 
overriding consideration has been the 
protection of employees, even those who 
may have regular exposures to Vc 
throughout their working live* 

Based on the available evidence and In 
view of the above considerations, includ¬ 
ing feasibility, we believe that employee 
exposures to VC must be red uced to a 1 
ppm time-weighted average (TWA), We 
also believe that PVC and VC establish¬ 
ments wllL in time, be able to attain that 
level through enginee r ing c on trols, and 
that fabricators can do so In the Im¬ 
mediate future. -_ 

• ja addition to tha TWA requi re m en t . 
we have established a 5 ppm ceiling 
(averaged over a 15-minute period) In 
order to prevent expo s u re of employees 
to unacceptable high excur sions. From 
an operation standpoint, this ceiling 
level Is realistic because minor excur¬ 
sions up to the ceiling level are likely to 
occur on a regular basis* 

HL 77ra flwql standa rd—4 1) Scope and 
application- Both the ET3 and the pro¬ 
posal would apply the standard to the 
entire VC Industr y. Inc luding manufac¬ 
turers of VC and FVC mod fabricator* 
but excluding employers handling or 

nriny products ******* from 

VC. 

There Is no dispute that a standard Is 
required for the monomer end polymer 
Industrie* However, the Society of Plas¬ 
tics Industry (SFI) and various fabrica¬ 
tors (ace testimony of Goodyear. Gen¬ 
eral Coble, etc.) recommended that 
f ab ricat ors be excluded from the stand¬ 
ard. or that a separate requirement be 
established for them because many of 
them were already at or below the pro¬ 
posed celling leveL 

The record evidence establishes that 
at Icon some employees In the fabricat¬ 
ing industry are exposed In excess of the 
permissible control limits (Sec NIOSK 
testimony. TR 109; Robin tech TR 042'. 
In these circumstance* we believe tiul it 
Is imprudent to grant a blanket exemp¬ 
tion for an fabricator* Therefore* the 
final standard is applicable to the fakri- 
catlda in dustr y , as well os the monomer 
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«nd polymer industries. Employers 'who, 
to fact, are substantialiv below the ex¬ 
posure limit will be subjected to only 
minimal burdens by virtue of the "action 
lever to be discussed below. 

Where employer? in the fabricating 
Industry have expos* rs approaching the 
permissible limit, they will appropriately 
be subject to the standard. Employers 
handling or uung fabricated products 
mad e of PVC were not Included In the 
ETS or the proposal and are excluded 
from the final standard. This conclusion 
U based on the absence of adequate evi¬ 
dence of exposure to VC In these opera¬ 
tions. The Anal standard clarifies the ex* 
emption by defining a fabricated prod¬ 
uct as a product made wholly or partly 
from PVC which does not require further 
pro cessin g at temperatures, and for 
times, sufficient to cause mass melting of 
the PVC. 8PI and others <cf. TR. 944) 
requested that PVC resins with less than 
0.1 percent residual monomer be ex¬ 
empted from the regulation now. and 
that the exemption level be reduced to 
0.01 percent in three years. SPI suggested 
thfet the exemption of materials with loss 
than 0.1 percent of 14 carcinogens from 
20 cm 1010J3P (30 FR 3755) was an 
appropriate precedent. The cases are not 
comparable, because no attempt had been 
made to set air concentration limits for 
the 14 carcinogens. The record did not 
Include Information that reliable moni¬ 
toring and measuring techniques were 
available. Moreover* the exemption did 
not exempt airborne traces of caretao- 
.gens. The administrative cutoff was pro¬ 
vided to avoid regulation of materials 
about which there was no health haz¬ 
ard information, and which would have 
broadly extended the application of the 
regulation beyond the record. Herein* 
no information was presented to show 
safe concentration results from the use 
of resins with specific ImreIs* Indeed, the 
proposal to chance the level later, when 
Imp r o ved t ec hnology would permit such 
reduction, would seem to indicate that 
SPI has doubts shout the safety of OJ. 
percent residu* leveL demand Shamrock 
(Exhibit 142) testified that there is no 
direct relation. They indicate that the 
airborne co ncentra tion is more related 
to the physical form of the resin and 
the ventilation provided. Also, monitor- 
lug data from industry (cf. Exhibits 131. 
108, 170) and OSHA iExhibit 131) indi¬ 
cate that levels in excess of 1 ppm may 
be found In fabrication operations. In 
view of these facts and of the opportunity 
for employers to discontinue many duties 
upon a showing of no exposures above the 
rctlon level. It does not appear that any 
residue exemption is either justified or 
necessary at this time. This course also 
agrees with a number of industry pro¬ 
posals (cf. TR tea), 

8PI (Tit 3(5), among other*, asked 
that compounded PVC pellets he ex¬ 
empted from the standard on the grounds 
that the pellets had too low a residue to 
cause harmful or measurable emissions. 
While it appears that PVC pellets would 
have a lower residue level than virgin 
PVC. the fact that lbs pellets must be 
healed to a molten mas* at the same 


temperature as PVC. for further pre¬ 
ceding. indicates that a potential for re¬ 
lease of the residue still exists. It ap¬ 
pears that the exemption of fabricated 
products should be limited to just those 
Items which will not undergo such mass 
heating. Further. . the opportunity to 
demonstrate that exposures are beiow 
the action level, and thus, discontinue 
many duties of the standard, provides a 
more positive control and an adequate 
relief. 

(3) Permissible exposure limit. The 
standard sets an exposure limit of 1 ppm 
ave ra ged over any 8 hour perldd. and a 
ceiling of 5 ppm averaged over any per¬ 
iod not exceeding IS minutes. 

As more fully discussed above, this 
limit is based on an evaluation of the best 
available evidence and on a judgment 
that the health and safety of employees 
must be protected to the fullest extent 
feasible. In view of the fact that release 
of VC in the VC and PVC manufacturing 
processes are variable, the l ppm celling 
level provided In the pr opo sa l would 
require maintenance of an average level 
more to 

through feasible engineering controls. 
Therefore, the exposure limit prescribed 
in the proposal has been rejected. 

' <3> Actio n lev el. The final standard, 
unlike the ETS and the proposal, pro¬ 
vides for an ‘‘action level" of 0.5 ppm 
TWA* one-half of the permissible ex¬ 
posure limit. The purpoco of the action 
level it to minima* the Impact of the 
standard on the employer* who have 
attained exposure terms well below the 
permissible dlxniL Thus, where the re¬ 
sults of monitori ng under paragraphs 
(d)(1) or (d)(3) d emo n stra t e that no 
anpdoyee Is exposed in ex ce ss of 05 
ppm TWA* amnfnraa may, in effect, be 
exempted from oomo p f uvteto nt of the 
standard, For wmph. fabricator* who 
are be lo w the action level are not re¬ 
quired *o provide medical surveillance or 
to monitor mures the employer 

has reason to suspect that any employee 
is exp o sed In excots of the action led 
In our judgment, exposures below ths 
action level do not present a sufficient 
hazard to warrant application of the en¬ 
tire standard to the many employees who 
axe or will be below that leveL 

(4) Monitoring. The final standard. 
Ilka the pr oposal, requires that individual 
employee exposure levels be determined. 
This may be accomplished by personal 
or area monitoring. Some witnesses and 
persons who submitted comments did 
not understand the meaning of the term 
"05 p ercent confidence level" in the 
proposal. Essentially it means that the 
employer is required to take a sufficient 
number of measurements so that the re¬ 
sults obtained ore statistically valid. We 
have modified the proposal to establish 
accuracy range requirements for various 
measurement levels. These range* are 
narrow enough to ensure that a deter¬ 
mination of compliance can b* made, find 
broad enough to allow ths application 
of a variety of technologist. 

All covered employers are required to 
conduct initial monitoring. Where moni¬ 
toring and measuring results are at or 


below the action level, no further moni¬ 
toring is required unit** the employer 
has reason to suspect that any employee 
Is exposed In excess of the action level, 
or unless chances have been made tn 
production, process, control, type of resin, 
etc. 

Where the exposure level, without re¬ 
gard to respirators, exceeds the permis¬ 
sible levels, monitoring must be conduc¬ 
ted at least monthly. Where exposures 
are less than the permissible levels, but 
greater than the action level, monitoring 
must occur at least quarterly. 

(5) Methods of compliance. The stand¬ 
ard. like the proposal, requires that em¬ 
ployers immediately institute feasible 
engineering and work practice controls 
to reduce exposures to at or below the 
permissible exposure limit. 

Where feasible engineering and work 
practice controls will reduce exposures 
below the permissible levels, they must 
be instituted. Where such controls will 
not reduce exposures below the permis¬ 
sible level, they must nonetheless be im¬ 
plemented to reduce exposures to the 
lowest practicable level, and be supple¬ 
mented by the use of respirators to pro¬ 
vide tho necessary protection. There¬ 
upon. a continuing program of engineer¬ 
ing and work practice controls must be 
Instituted to reduce exposures to the low¬ 
est practicable level. When exposures ore 
at or below the permissible exposure 
limits, the p rogr am may be discontinued. 

In addition, a plan for achieving con¬ 
trol by engineering and work practice 
methods must be drawn up and be made 
available, upon request, to represent¬ 
atives ot OSHA and KIOSK. 

■ We recognise that many employer* 
covered by the standard car* not cur¬ 
rently achieve compliance with the per¬ 
missible exposure limit solely by the use 
of feasible engineering and work practice 
controls. The re co r d also reflects broad 
generic distinctions between«the compli¬ 
ance capabilities of the VC and PVC 
industries. Some industry s p okesme n, 
including SPI (TR. 358-382)* recom¬ 
mended that a schedule of different per- 
missile exposure limits and compl ianc e 
dates be established for the VC and PVC 
segments of the Industry. 

This view assumes that the ability and 
the time required to feasibly reach In¬ 
creasingly lower control levels is similar 
within each Industry, but differs mark¬ 
edly between industries. White the record 
doss suggest that such differences do 
exist between industries, as noted above, 
it is clear that intra-industry differences 
also exist. Thus, the ability and time re¬ 
quired by each employer to attain lower 
control levels may depend upon such 
factor* as the climate in uhlch the plant 
is located, the age of equipment, the tire 
of reactors, or the type of resin manu¬ 
factured or used. (Snell study. Firestone 
testimony, etc.) 

Monitoring data also tends to support 
such intra-industry variations, iSee. 
e.s. Dow. Firestone. Tenneco.) 

• As noted above, the standard requires 
alt employers to institute feasible engi¬ 
neering controls to the fullest extent and 
to continue to improve and apply cnci- 
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peericg control until full compliance U 
achieved 

We have not established xc 7 deadlines 
Cor full compliance through engineering 
controls because we arc presently unable 
to determine when It will be feasible for 
most establishments to reduce exposure 
levels to the permissible level. 

We also believe that the requirement 
that each employer reduce airborne con¬ 
centrations to the permissible level, or 
to the lowest level feasible as soon as 
practicable will provide lor Inter-Indus¬ 
try and Intra-Industry technological dif¬ 
ferences which do exist, and will avoid 
the setting of separate industry stand¬ 
ards on the basis of the General situation 
and conditions in each Industry. 

(6) Regulated areas. The proposed 
standard would hare required that regu¬ 
lated areas be established, that access be 
limited to authorized employees, and 
that dally rosters or summaries of those 
entering be kept for at least 20 rears. In 
Objection to them requirements, it was 
asserted that such control of access was 
not nec es sary from a health standpoint. 
Secondly, it was claimed that these con¬ 
trols would interfere with operations by 
preventing access of needed employees or 
non-employets. such as contractors, 
truck drivers, customers and consultants. 

The purpose of establishing regulated 
areas In the pr o po sa l was to limit the 
risk of exposure to as lew .employees ns 
possible. This concern is atm paramount, 
and thus the limited access feature re¬ 
mains. The final standard -amends the 
proposal slightly to allow -authorised 
pencea " to miter regulated cress. This 
It Is felt, vm allow operations to 
continue without un due Interference, 
the final standard has also Increased the 
length of time daily rosters must bo 
maintained Iran 20 to 20 years. This 
«*h*wB8 was largely on eputemlo- 
logical considerations. <6e# NIOSH testi¬ 
mony, tr. no.) 

cn Rmtrvtorw protection. The final 
standard, Uke the proposal, req uir e s the 
me of respirator* where employee expo¬ 
sures exceed the permissible control level. 
Industry represe ntatives made a number 
of objections to propos ed requirements 
for respiratory protection. They stated 
that the "no detectable level" would ef¬ 
fectively require continuous wearing of 
respirators in PVC and VC plants, and 
that this Is not feasible because respira¬ 
tors ore cumbersome, present a safety 
hazard, and employees would not use 
them. 

We would agree that respirators have 
many draw back s: the proposal did not 
contemplate them as a final solution. The 
record shows that the PVC industry par¬ 
ticularly may need several yean before 
plant environmental levels can be re¬ 
duced so that respirators are necessary 
only nccasslonolly. However, we cannot 
agree that respiratory protection should 
not be required simply because It la In¬ 
convenient, may require additional per¬ 
sonnel, interferes with production, or 
may require extensive retraining of em¬ 
ployees and restructuring of work prac¬ 
tices. We have carefully considered aU 
the objections, and have Concluded that 

noun 


RULES AND REGULATIONS 

if the environmental level la not con¬ 
trolled to the permissible exposure limit, 
then employees must be afforded respira¬ 
tory protection. 

While extKMures in excess of the per¬ 
missible level do constitute a hazard, we 
believe that It Is necessary to mitigate 
some of the problems associated with 
implementing a program of respiratory 
protection while employees are being 
fitted and trained in respirator use, and 
while other adjustments which may be 
required are implemented. Therefore, 
un!4 January i, 107b, where exposures 
are nob in excess of a 25 ppm ceiling, 
e a ch employer must provide each em¬ 
ployee with an appropriate respirator. 
However, employees whose exposures do 
not exceed a 25 ppm ceiling, may decline 
to use the respirator, in which case the 
employer is not obligated to require Us 
use. During this adjustment period, em¬ 
ployees will be trained in the uses, pur¬ 
poses and limitations of respirators, and 
the hazards of exposure to vinyl chloride. 
Moreover, each employee will be notified 
In writing if he has been expoeed.in ex¬ 
cess of the permissible exposure limit. 

Where exposures exceed a 25 ppm ceil¬ 
ing. respiratory protection Is mandatory 
In light of our judgment that much 
greater risks era anode ted with such 
exposures. 

The provisions In the final standard, 
regarding the selection and use of respi¬ 
ratory protective devices differ from 
those in the proposal. The descriptions of 
atmosphere-supplying respirators have 
been revised to Indicate more clearly the 
types of device* intended, and themati- 
rouzn permissible concentration level for 
each device Moreover, the number of 
types of atmosphere-supplying devices 
has been t** c r n a sfnf . 

At the hearing Mr. Edwin C. Hyatt, an 
OSHA' consultant, made suggestions re¬ 
garding the use of particular respiratory 
devices. We have concluded that his sug- 
gectlons are meritorious. Th er e for e, the 
provisions for selection of atmosphere- 
supplying devices follow closely the rec¬ 
ommendations contained in his testi¬ 
mony of SPI and B. F. Goodrich) CTB 
wiUi Hyatt's suggestions. <See « 4 L testi¬ 
mony of SPI and B. P. Goodrich) CTB 
65 m .We hod originally omitted air- 
purifying respirators because none had 
been approved by NIOSH for use against 
VC. principally because they lacked In¬ 
dicators to signal the expiration of the 
service life of the sorbent, Hyatt and 
other witnesses diictmert in detail the 
desirability of being able to use canisters 
or cartridge air-purlfylng respirators, 
provided a sorbent could be shown to 
effectively absorb vinyl chloride with on 
adequate service life. Recently, OSHA 
has received respiratory data from labo¬ 
ratories recording the effectiveness of 
eommrrclaUy available canisters and 
cartridges for vinyl chloride. These eval¬ 
uation* were conducted separately by 
NIOSH and by the B. F. Goodrich Com¬ 
pany and sufcmitted-to OSHA In poit- 
hearing comments. The results Indicate 
that certain presently available canis¬ 
ters and cartridge* effectively absorb 
vinyl chloride at relatively low concen- 
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t ratio ns. In discussions of these findings 
with NIOSH it’has indicated mat it Is 
willing to consider on on expedited bans 
the approval of air-purifying respirators 
for use against VC. Consequently, we 
have included three types of air-purify¬ 
ing respirators In the list of acceptable 
unlU, subject to the approval of such 
units by NIOSH The maximum concen¬ 
tration for which each respirator may 
be used is based upon our evaluation 
of the data submitted by NIOSH and 
Goodrich. Because sir-punfying respi¬ 
rators do not indicate sorbent exhaustion 
or breakthrough of VC. and because VC 
has no inherent warning properties at 
level* for which these devices are used, 
strict administrative controls will be re¬ 
quired for their use. Such controls in¬ 
clude a program to assure timely re¬ 
placement of canister* or cartridges and 
an alarm system to alert employees when 
vinyl chloride concentrations exceed the 
concentrations allowed for the particu¬ 
lar type of respirator in use. 

(8) Haxorxtoui operations. This Is a 
new section within the final standard. It 
encompasses essentially the proposal's 
requirements for maintenance and de¬ 
contamination but has restated them in 
terms of performance language to allow 
greater flexibility for employers to deal 
with such operations. The Intent of the 
new section is to protect employees en¬ 
gaged in activities that present a risk of 
exposure to vinyl chloride in excess of the 
permissible levels. An example would be 
the cleaning of a filter where con¬ 
taining hfgh residual is 

trapped. 

The proposal's r eq ui re m ent for full* 
. body, im p e r v ious clothing bos been re¬ 
placed by the direction to use impervious 
garments suited to the particular situa¬ 
tion and probable extent of exposure. 
Tbm , full-body clothing Is not always 
necessary, and Is therefore not required 
where less protection is adequate. Since 
vessel entry falls within the definition 
of a hazardous operation, the vessel entry 
s ectio n of the proposal has been deleted 
■ frn yfl the final 

(0) Emergency situations. The defini¬ 
tion of emergency has been recast in 
terms of an unexpected massive release. 
The main objection to the section on 
emergency situa t ions in the proposal was 
that, as the term was defined, many 
ordinary leaks or operations resulting in 
a small release of vinyl chloride would fce 
considered emergencies. This was not 
the Intent of the proposal. The final 
standard has been clarified to correct 
this ambiguity. It should be noted that 
the written operational plan required by 
the standard need not be developed for 
minor excursions above the permissible 
exposure limit, and that such excursions 
need not be reported 

UO) Stans and labels. The thrust of the 
- signs and labels section is to apprise 
employees of the cancer and fire haz¬ 
ards. No objections have been rab-cd with 
re s pect to Informing employees of the 
fire hazard However, a number of ob¬ 
jections were raised at the hearing and 
in written submissions to the require¬ 
ment that the word "ranecr" appear on 
all sig ns and labels. The principal argu- 
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lent Advanced against its vre was that 
m term "cancer*' or "cancer-suspect 
rent" scares employees and that in- 
lead, the message should contain In¬ 
fractions on how to deal with the sub- 
tance <TR. 347». We believe That a 
Uuted form ol warning will not suffice. 
Je appreciate the concern of employers 
1th the reaction of their employees. But 
w consider it imperative that a worker 
e fully informed* and that he realize the 
ossible risks involved in Lis occupation. 
Oupled with the training requirement 
l the standard, we believe that the signs 
ad labels required anil adequately in- 
wm employees of the haz&nL In addl- 
on. such signs will ram unauthorized 
ersonnel to keep out of regulated areas. 
The proper application of most protec- 
rve measures requires an amount of 
raining and indoctrination of employees 
hat cannot easily be conveyed on a sign 
r labeL Also* the variety of measures 
bat could be prescribed would result in 
n tmwieldly or excessively detailed leg- 
nd. Consequently, the required message 
n signs and labels will not include in- 
ormation on precautions, relevant 
ymptoms, etc. The addition of suitable 
^formation by the employer would be 
emitted. providing It does not detract 
i any way from the required stat em ent. 
The requirement in the proposal for 
lbellng containers of vinyl chloride has 
een amended by deleting the reference 
0 the possible hazard of violent polyra- 
rlzation. Very little Information was 
leveloped on this hazard during the 
tandard-setting procedure. It does ap¬ 
es; that this hazard Is essentially trader 
ontroi and that the fire and caxdno- 
enlc hazards at present are the most 
Ignlflrant, Since labeling or pla car ding 
bat is In compliance with the U-3. De- 
lartraent of Transportation regulations 
49 CFR Part 173. Subpart Hi already 
yarns of the fire hazard, only a state- 
pent concerning the carcinogenic haz¬ 
ard need be added to the Department of 
rransportation labels. 

(Ill Medical surveillance. The prted- 
ml questions that have been raised re- 
carding medical surveillance ars the 
teceasity and efficacy of requiring cer- 
aln specific serum reizyme detemina- 
ions (S^IA-i2 series) and the applica¬ 
tion of medical examination require- 
nents to the fabrication segments of the 
ndustry where employee* are exposed to 
ower levels of VC. The objection has also 
wen raised that the specification of tests 
md procedures interferes with the ap* 
illcaUon of advances in medical knowl¬ 
edge. 

A particular difficulty in considering 
nodical surveillance is that the most 
nmmonly discussed lesion, mnglosar- 
rana of the liver, currently cannot be 
tiacnooed until the victim is terminal 
rod. usually, within months of death. 
Precursor physiologic alterations, which 
night be reversible, have not yet been 
lirectly associated with the Lesion Con¬ 
sequently* there are no specific diagnos¬ 
tic testa which can be prescribed which 
xlll determine presence or absence of 
this tumor at an early stage of develop¬ 
ment However* most medical witnesses 
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indicated that the medical tests proposed 
are currently the only ones available 
which are useful for medical surveillance 
<TR 121. Exh. 85. TR 58&-591). Conse¬ 
quently. the specific blood tests proposed 
have been retained as a minimum re¬ 
quirement to assist Tie examining physi¬ 
cian in determining fitness of potential 
employees for assignment to workplace., 
involving VC exposure. In addition, al¬ 
ternative medical examinations may be 
used where the examining physician de¬ 
termines that they are at least as good 
as those specified by the standard. 

The Tabenhaw-Cooper study and the 
various experiments suggest that 

VC may produce a wide spectrum of ma¬ 
lignant and non-maiignant disorders. 
The general scope of the required medical 
examination has, therefore, been broad¬ 
ened to include kidneys, skin, connective 
tissue, spleen* and pulmonary system, as 
well as the liver, no additional specific 
procedures or testa are required, but rec¬ 
ommendations have been included In the 
Appendix to assist the examining physi¬ 
cian, Because of the nonspecific nature 
of the required medical tests, ii is not 
appropriate to prescribe timing* or type 
of followup tests, or to mandate with¬ 
drawal from exposure baaed solely on re¬ 
sults of the teats. Instead, the emp loyer 
Is required to obtain a statement from 
the examining physician of the em¬ 
ployee's suitability for continued expo¬ 
sure. when the examin ing ph ys ici an has 
completed such tests as ho considers ap¬ 
propriate. The employer is required to 
withdraw an employee only when this 
statement indicates that the employee 
may he at added risk from continued VC 
exposure. 

.. At with tnmHwiTM f. there appears to 
be no basis for complete exemption of the 
fabrication industry from the require¬ 
ment for medical The rec¬ 
ord does show establishments 

with eooccntratlons of VC monitored 
considerably above the action leveL In 
these instances, medical surveillance of 
affected employees will provide baseline 
data for future evaluation of their health, 
even if both monitoring and medical sur¬ 
veillance are discontinued because Im¬ 
proved controls reduce concentrations 
below the action leveL Where exposures 
are below the action level, the medical 
surveillance requirements do not general¬ 
ly apply. 

(12) Training. A separate provision for 
employee training has been added to the 
final standard rather than including it 
within tiie section on emergency situa¬ 
tions as in the proposal. The new para¬ 
graph provides for training of employees 
concerning the carcinogenic hazard of 
VC* emergency procedures, the need for 
monitoring and an annual review of the 
standard. It also provide* for training of 
employees concerning the purpose for* 
proper use of, and limitations connected 
with respiratory protection. 

(13) Records and reports . The provi- 
■ aion* for recordkeeping contained In the 

final standard require the preparation 
and maintenance of essentially the same 
Information required by the proposal. 
The major change from the original pro¬ 


posal Is the requirement for maintenance 
of monitoring records and daily roster 
sheets of authorized persons for 30 years. 
Instead of 20 years. Additionally, the em¬ 
ployer is required to maintain medical 
records lor the duration of on employee's 
employment plus 20 years, or 30 years, 
whichever is longer. The original pro¬ 
posal called for only 20 year*. * 

This change has been implemented be¬ 
cause the latency period for Induction of 
angiosarcoma ranges up to 20 years from 
initial exposure. Therefore, as a mini¬ 
mum. medical records must be main¬ 
tained for at least that long. It should be 
noted Urnt spokesmen for both labor and 
Industry recommended that this change 
be made. 

The reporting requirements are not 
significantly different from those in the 
original proposal. However, instead of 
the requirement for reporting Incidents 
which result in the release of VC into 
areas where employees may be exposed, 
the final standard clarifies our original 
intent by stating that only emergencies 
must be reported. Also the requirement 
for filing a detailed, written report 
within 15 days has been deleted. It has 
been concluded that submission, within 
24 hour*, of an initial report that in¬ 
cludes facts immediately available, would 
ordinarily be sufficient. However, if the 
OSHA Area Director requests further in¬ 
formation relevant to the emergency, the 
■ employer will be required to furnish such 

(14) Deleted p orti ons of the proposal, 
The proposal contained provisions re- 
qulring that shower facilities and change 
room* bo provided, and that storage or 
consumption of food be prohibited in 
‘regulated areas. We have deleted these 
provisions because It 1* our conclusion 
they are no longer necessary. Showering 
facilities are not required because pro*, 
teettve clothing, where required by the 
final standard, should protect employees 
from akin absorption by direct contact 
with VC and because there is no reliable 
evidence that VC vapor Is absorbed 
through the akin. In addition, since we 
anticipate that most employee* will sot 
be wearing protective clothing and that 
employee* who wear protective clothing 
will change such clothing, infrequently, 
we are not requiring that change rooms 
be provided. 

In addition, we feel that there is In¬ 
adequate evidence showing that hazar¬ 
dous amounts of VC con be absorbed 
, through ingestion. For this reason, the 
requirement prohibiting the storage or 
consumption of food in regulated areas 
has been deleted.. 

The proposal also contained provisions 
on maintentonce and dec on t amina tion, 
transportation loading anu unloading, 
and polymer )»*«*< n*g operations. These 
requirements are not mentioned in the 
final standard because attention to these 
Items is implicit In the requirement that 
each employer reach the pennlssabie ex¬ 
posure limit or attain the lowest feasible 
leveL 

(15) Effective date. In order to ensure 
that affected employer* and employees 
will be Informed of the existence of tbeso 
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provisions and that employers affected, 
are riven an opportunity to familiarize 
themselves and their employees with the 
existence of the new requirements, the 
effective date of the amendment to 
f I9l0-93q will be January 1.1975. To pro¬ 
vide continued protection for employees 
until that date, the provisions currently 
contained in f 1910.93q are hereby 
promulgated, pursuant to seetir.n «<b). 
«<c> and B<c> of the Occupational Safety 
and Health Act. as an occupational 
safety and health standard effective 
October 4. 1974. the amendment to 
11910.33a set out below will supersede 
these provisions as of January 1, 1979. 

Accordingly, upon consideration of the 
whole record of this preceding, Part 1910 
of Title 29. Code of Federal Regulations 
Is amended, effective January 1,1975, by 
revision of 11910.93d to read as follows: 

fi 191Q.93q YinyteUovfcU 

(a) Scope and appUcctUrtu (1) This 
■action includes requirements for the 
control of employee e xp o sur e to vinyl 
chloride (chloroethene), Ch em i c al Ab¬ 
stracts Service Registry No. 75015. 

(2) This section applies to the manu¬ 
facture, reaction. packaging, repackag¬ 
ing, storage, handling or use of vinyl 
chloride or polyvinyl chloride, but does 
not apply to the handling or use of fabri¬ 
cated products mads of polyvinyl chlo¬ 
ride. 

(3) This section appites to the trans¬ 
portation of vinyl chloride or polyvinyl 
chloride except to me extent that the 
Department of Transportation may 
regulate the hazard* corerod by this aec- 


Q» Dtflnmont. <i) -Action M* - 

means a conce n t ration og viryi chloride 

of 0-3 ppm averaged over an ft -hoar wort 
day. * • 

. (37 "Asatrian* fl e uetoij " means the 
Amhtant Secretary of Labor for Occupa¬ 
tional Safety and Health, UJX Deport- 
men* of Labor, or Ida designee. 

a) -Authorized person- means any 
pe r son sped Amity authorised by the em¬ 
ployer whose dudes require him to enter 
A regulated area or any person entering 
such on area as a designated represen ts^ 
tiv* of employees for the purpose of ex— 

. arriving an opportunity to observe moni- 

and | m m wl myg 

(4) -Director- means the Di r e cto r ; 
National Institute for Occupational 
Safety and Health, UA Department of 
Health. Education, and Welfare, or his 
designe e. 

(5) -Emergency- means any occur¬ 
rence such as, but not limited to. equip¬ 
ment failure, or operation of a relief de¬ 
vice which ts likely to. or does, result In 
massive release of vinyl chloride. 

<6> "Fabricated product- means a 
product mode wholly or portly from 
polyvinyl chloride, and which, docs not 
require further processing at tempera¬ 
tures. and for times, sufficient to cause 
mass melting of the polyvinyl chloride 
resulting In the release of vinyl chloride. 

(7) - H azardous op era tion- means any 
operation, p r o c edure , or activity where a 
release of either vinyl chloride liquid or 
gas might be expected as a consequence 


of the operation or because of an acci¬ 
dent In the operation, which would result 
in an employee exposure m excess of the 
permissible exposure limit 

<8> “06HA Area Director- means the 
Director for the Occupational Safety 
and Health Administration Area omce 
having jurisdiction over the geographic 
area in which the employer's establish¬ 
ment is located. 

(9) “Polyvinyl chloride- means poly¬ 
vinyl chloride homopolymer or copoly¬ 
mer before such is converted to a fabri¬ 
cated product 

( 10 ) “Vinyl chloride" means vinyl 
chloride monomer* 

<c> Permissible exposure limit (1) No 
employee may be exposed to vinyl chlo¬ 
ride at concentrations greater than 1 ppm 
averaged over any 8-hour period, and 

(2) No employee may be exposed to 
vinyl chloride at concentrations greater 
than 5 ppm averaged over any period not 
exceeding 15 minutes. 

(3) No employee may be exposed to 
vinyl chloride by direct contact with 

' Mgtud vinyl 

(d) ifoftiMw. (1) A program of 
Initial monitoring and measurement 
shall be undertaken In each establish¬ 
ment to determine If there Is any em¬ 
ployee exposed, without regard to the use 
.of respirators. In excess of the action 
level. 

(3) Where a determination conducted 
under paragraph (d)(1) of this section 
shows any employee exposures, without 
regard to the use of respirators. In ex¬ 
cess of the action leveL a program for de¬ 
termining exposures for each such cm- 

* phjee to established.'Such a pro- - 
—gram: . 

(1) flhr.fl be repeated at least monthly* 
where any emp lo yee Is exposed, without 
. regard to the u» of respirators, in ex¬ 
cess of the pertniodhle e x p o s ure limit. . 

cm Chan be repeated not less than 
quarterly where any employee la exposed, 
without regard to the use of respirators. 
In excess of the action teveL 

(111) May to discontinued for any em¬ 
ployee only when at least two consecu¬ 
tive monitoring determinations, mode net 
less than 5 w orking days span, show ex- 

* pos ur e s for that employee at or below 
the action level. 

(3) Whenever there has been a pro¬ 

duction, proc ess or control change which 
may result In an increase in the release 
of vinyl chloride, or the employer has 
any other reason to suspect that any em¬ 
ployee may be exp o sed In excess of the 
action level, a determination of employee 
exposure under paragraph <d) (1) of this 
section shall to performed. ~ 

(4) The method of monitoring and 
measurement shall have an accuracy 
(with a confidence level of 95 percent) of 
not less than plus or minus 60 percent 
from 0 “5 through 0.5 ppm, plus or minus 
35 percent from over 0.5 ppm through 
1.0 ppm. and plus or minus 25 percent 
over 1.0 ppm. (Methods meeting these 
accuracy requirements are available In 
the “NIOSH Manual of Analytical 
Methods"). 

(5) Employees or their designated rep¬ 
resentatives shall be afforded reasonable 


opportunity to observe the monitor¬ 
ing and measuring requirec. by this 
paragraph. 

<e) Regulated area. (1) A regulated 
area shall be established where: 

(U Vinyl chloride or polyvinyl chloride 
.Is manufactured, reacted, repackaged, 
stored, handled or used; and 

<U> Vinyl chloride concentrations are 
In excess of the jwrmissible exposure 
limit. 

(2) Access to regulated areas shall be 
limited to authorized persons. A daily 
roster shall be made of authorized per¬ 
sons who enter. 

Cf > Methods of compliance. Employee 
exposures to vinyl chloride shall be con¬ 
trolled to at or below the permissible ex¬ 
posure limit provided in paragraph <c> 
of this section by engineering, work prac¬ 
tice. and personal protective controls as 
follows: . 

(1) Feasible engineering and work 
practice controls shall Immediately be 
used to reduce exposures to at or below 
the permissible exposure limit 
. * (2) Wherever feasible engineering and 
work practice controls which can be in¬ 
stituted immediately are not sufficient to 
reduce exposures to at or below the per¬ 
missible exposure limit, they shall none¬ 
theless be used to reduce exposures to 
the lowest practicable level, and shall be 
supplemented by respiratory protection 
In accordance with paragraph <g> of this 
section. A program shall be established 
and Implemented to reduce exposures to 
at or below the permissible exposure 
limi t, or to the greatest extent feasible, 
solely by means of engineering and work 
practice controls, as soon as feasible. ■ 

(3) Written plans for such a program 
shall be developed and furnished upon 
request for examination and copying to 
authorized represen tatives of the Assis¬ 
tant Secretary and the Director. Such 
plans xhon be upda t ed at least every six 
months. 

. (g) R espirato ry protection.. Where 
..respiratory protection Is required under 
this eectlan: 

(1) The employer than provide a 
respirator which meets the requirements 
of this paragraph and shall assure that 
the employee uses such respirator, except 

‘ that until December 31. 1973, wearing of 
respirators shall be at the discretion of 
each employee for exposures not in ex¬ 
cess of 25 ppm. measured over any 15- 
. minute period. Until December 31. 1975. 
each employee who chooses not to wear 
an appropriate respirator shall be in¬ 
formed at least quarterly of the hazards 
of vinyl chloride and the purpose, proper 
use, and limitations of respiratory 
devices. 

(2) Respirators shall be selected fnm 
among those Jointly approved by the 
Mining Enforcement and Safety Admin¬ 
istration, Department of the. Interior, 
and the National Institute for Occupa¬ 
tional Safety and Health under the pro¬ 
visions of SO CFR Fart II. 

(3) A respiratory protection program 
meeting the requirements of I 1910.134 
shall be established and maintained. 

<41 Selection of respirators for vinyl 
chloride shall be os follows: 
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Atmorphrric concentration, of 

vinyl chloride Required apparatus 

(t) Unknown. or amt* 3.400 ppm_—. Op* o-circuit. a«il-eontain*<i btraUUng apparatus pres* 

cur* tiamand typ*. wltn fall (tc^plBo*. 

(tt) Kot errer 3.000 ppm__ (A) Comb motion type C supplies ext respirator, pres* 

suro demand typo, with full or bslf faceplate. 
Bad auxiliary *e l r-contained mir supply; or 
(B) Typo C. supplied bit respirmtor coounuou* How 
type, wild full or hair facepitc*. and auxiliary 
aelf-contained air supply. 

(IQ) Kot ov»f 100 ppm i(A) Com bio bu on type c auppliad air letptrator de¬ 
mand type, wttn full racapiao*, and auxiliary 
a* if-contained bit supply: or 
(B) Op*&*clrcult *elf-eon tamed breathing apparatus 
With full face pi *c*. la demand mode; or 
(O Typo C sup piled air mpltkldr, rtsmitul type, tub 
- fullfreepm. 

(It) Wot over 25 ppm—_ (A) A powared air-purifying. respirator with bood. 

„ hairnet. full or hoix xaoeptaea, and a esaiatar 

widen provides a attic* lu# of at least 4 
Bonn for ooooeormtioaa of vinyl chionda up 
to 2ft ppm, or 

(B) Oa« tnaalr. front- or baok-moontad canister which 
provide* a service Ufa of at least 4 noun for 
concentrations of vinyl chloride up to 2ft ppm. 
(v) Not over 10 ppm.—- (A) Combination typo C supplied-air respirator, de¬ 

mand typo, with half faooptaoa, and auxiliary 
- aalf nomatned air supply; or 

(B) Typo C suppUod-air respirator, demand type, with 
ball facepiece; or 

(O) Any ch e mi c al cartridge roeptratcr with an oryanlo 
vapor cartridge vhlch provldea a service life 
of at least 1 boor for concentrations of vinyl 
. rblorlrts tip to 10 ppm. 


. (5) a) Entry Into tmkown concentra¬ 
tions or concentrations greater than 
30,000 ppm (lower explosive limit) may 
be made only for purposes of life rescue; 
and 

(ID Entry Into concentrations of less 
than 38,000 ppm, but greater than 3,800 
ppm may bo made only for purposes cf 
Ufa rescue, firefighting, or securing 
equipment so ex to prevent a greater 
hazard from release of vinyl chloride. 

- (6) Where air-purifying respirators 
are used: 

(1) Alr-purlf jtng rannitteri or car¬ 
tridges shah be replaced prior to the 
expiration of their service life or the 
end of the shift in which they are first 
used, whichever occurs first, and 
. (ID A continuous monitoring and 
alarm system shall be provided wham 
concentrations of vinyl chloride could 
reasonably ex c ee d the allowable concen¬ 
trations for the devices in use. Such sys¬ 
tem shall be used to alert employees when 
vinyl chloride concentrations exceed the 
allowable concentrations for the devices 
In use. 

(7> Apparatus prescribed for higher 
concentrations may be used for any lower 
concentration. 

<h> Hazardous operations* (1) Em¬ 
ployees engaged In hax&rdous operations. 
Including entry of vessels to clean poly¬ 
vinyl chloride residue from vessel walls, 
shall be provided and required to wear 
and use; 

(D Respiratory protection in accord¬ 
ance with paragraphs (c) and (g) of 
this section; and 

(It) Protective garments to prevent 
ektn contact with liquid vinyl chloride or 
With polyvinyl chloride residue from 
vessel walls. The protective garments 
shall be selected for the operation and 
it* pos sible exposure conditions. 


(2) Protective garments shall be pro¬ 
vided dean and dry for each use. 

(D Emergency situations. A written 
operational plan for emergency situa¬ 
tions shall be developed for each facility 
•storing, handling, or otherwise using 
vinyl chloride as a liquid or compressed 
gas. Appropriate portions of the plan 
shall be implemented In the event of an 
em ergency . The plan shall specifically 
provide that; 

(I) Employees engaged in hazardous' 
operations or correcting situations of ex¬ 
isting hazardous releases shall be 
equipped as required in paragraph (h) 
of this section; 

(3) Other employees not so equipped 
•ball evacuate the area and not r e turn 
until conditions are controlled by the 
methods required In paragraph <f) of 
this section and the emergency is abated. 

(J) Training. Each employee engaged 
in vinyl chloride or polyvinyl chtort ’a 
operations shall be provide* training in 
a program relating to the hazards- of 
vinyl chloride and precautions for its 
safe use. 

(1) The pro g r a m shall include: 

(1) The nature of the health hazard 
from chronic exposure to vinyl chloride 
including specifically the carcinogenic 
hazard; 

(ii) The specific nature of operations 
which could result in exposure to vinyl 
chloride in excess of the permissible 
limit and necessary protective steps; 

Ul) The purpose for, proper use. and 
limitations of respiratory protective 
devices; 

(iv) The fire hazard and acute toxic¬ 
ity of vinyl chloride, and the necessary 
protective steps ; 

(v> The purpose for and a description 
of the monitoring program; 


(vl) The purpose for, and a descrip¬ 
tion of. the medical surveillance 
program; 

<vU> Emergency procedures: 

(viti) Specific information to aid the 
employee in recognition of conditions 
which may result in the release of vinyl 
chloride; and- 1 

(lx) A review of this standard at the 
employee's first training and indoctrina¬ 
tion program, and annually thereafter. 

(2) All materials relating to the pro¬ 
gram shall be provided upon request to 
the Assistant Secretary and the Director. 

<k) Medical surveillance. A program 
of medical surveillance shall be Insti¬ 
tuted for each employee exposed, with¬ 
out regard to the use of respirators, to 
vinyl chloride In excess of the action 
level. The program shall provide each 
such employee with an opportunity for 
examinations and tests in accordance 
with this paragraph. All medical ex¬ 
aminations and procedures shall be per¬ 
formed by or under the supervision of a 
licensed physician, and shall be provided 
without cost to the employee. 

(1) At the time of initial assignment, 
or upon Institution of medical surveil¬ 
lance; 

(1) A general physical examination 
shall be performed, with specific atten¬ 
tion to detecting enlargement of liver, 
spleen or kidneys, or dyti motion in these 
organs, and for abnormaities in skin, 
connective tissues and the pulmonary 
system (See Appendix A). 

(ID A medical distort shall be taken, 
including the following topics: 

(A) Alcohol intake; 

CB) Past history of hepatitis; 

(C) Work history and past exposure 
to potential hepatotoxle agents. Includ¬ 
ing drugs and chemicals; 

CD) Past history of blood transfu¬ 
sions; and 

OS) past history of hospitalizations 
(id) A serum specimen shall be ob¬ 
tained and determinations made of: 

(A) Total bilirubin; 

(B) Alkaline phosphatase; 

(O S erum glutamic oral acetic trans¬ 
aminase (SOOT); 

CD) Serum glutamic pyruvic transam¬ 
inase (SOFT); and 

(E) Gamma glustamyl transpeptidase. 

(3) provided In accord¬ 
ance with this paragraph shall be per¬ 
formed at least: 

U) Every 8 months for each employee 
who has been employed In vinyl chlo- 
rUe or polyvinyl chlo ride manufacturing 
for 10 years or longer; and 
(ill Annually for all other employees. 

(3) Each employee exposed to an 
emer g ency shall be afforded appropria^ 
medical surveillance. 

(4) A statement of e;ch employee's 
suitability for continued exposure to 
vinyl chloride including use of protec¬ 
tive equipment and respirators, shall be 
obtained from the eramining physician 
promptly after any examination. A copy 
of the physician's statement shall be pro¬ 
vided each employee. 

(3) If any employee's health would be 
materially impaired by continued ex¬ 
posure. such employee shall be wlth- 
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drawn from possible contact with vinyl 
- chloride. 

<«) Laboratory analyses for all bio* 
logical specimens included In medical 
examinations shall be performed In labo¬ 
ratories licensed under 42 CFIl Part 74. 

(7) If the examining physician deter¬ 
mines that alternative medical examina¬ 
tions to those required by paragraph 
' (kXl) of this section will provide at 
least equal assurance of detecting med¬ 
ical conditions pertinent to the exposure 
to vinyl chloride, the employer may ac¬ 
cept such alternative examinations as 
meeting the requirements of paragraph 
(k)Cl) of this section. If the employer 
obtains a statement from the examining 
physician setting forth the alternative 
exa mina tions and the rationale for sub¬ 
stitution. This statement shall be avail¬ 
able upon request lor examination and 
copying to authorized representatives of 
' the Assistant Sec r etary and the Director. 

<1) Stems and labels, (1) Entrances to 
regulated areas shall be posted with leg¬ 
ible signs bearing the legend: 

C iWm *8pp tC T Aonrr Am Aurnmii n 

(2) Arris containing hazardous oper¬ 
ations or where an emergency c u rr ently 
'exists.shall be posted with legible signs 
bearing the legend: 

euensAn o i C T Amr nf Tice Am Pw/ ri c - 

ttn . teamovT Bzqsnn AvnuemD 
7 hwomm oat 


• (3) Containers of polyvinyl chloride 
testa waste from reactors or other waste 
contaminated with vinyl chloride shall 
be legibly labeled: 


(4) Containers of polyvinyl chloride 
shah be legibly labeled: . , . 

/• hxrwri Cai aro t (<m Tksee Sub) 


•v - CB) Containers of vinyl chloride shall 
.be legibly labeled either: :<4 . 

<1) _v * _ -f* V" . 

■ ImnffLT hLiMM im Qm Unq f uma i 

or til) In accordance with 40 CFR Part 
173, Subpart H, with * the additional 
legends: ■ 

CtMcxa-tiosrzcT Aoxxr * 
applied near the labor or placard. 

(6) No statement shall appear on or 
near any required sign, label or Jnstruc- 
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tton which contradicts or detract* from, 
tiie effect of, any required warning. 
Information or instruction. 

<m> Records. < U Ail records main¬ 
tained in acciirdance with this section 
shah Include the name and social secu¬ 
rity number of each employee * where 
relevant. 

<2) Records of required monitoring 
and measuring, medical records, and au¬ 
thorized personnel rosters, shall be made 
and shall be available upon request for 
examination and copying to authorized . 
representatives of the Secre¬ 
tary and the Director. / 

(!) Monitoring and measuring records 
shall: 

(A) State the date of such monitor¬ 
ing and measuring and the concentra- * 
tic ns determined and Identify the instru¬ 
ments and methods used: 

<fi) Include any additional Informa¬ 
tion necessary to determine individual 
employee exposures where such expo¬ 
sures are determined by means other 
than Individual monitoring of employees; 
and 

CO Be maintained for not less than 
30 yean. 

til) Authorized personnel rosters shall 
be maintained for not loss than 30 years. 

(ill) Medical records shall be main¬ 
tained for the duration of the employ¬ 
ment of each employee plus 20 yean, 
or 30 year*, whichever is longer. 

<S) In the event that the employer 
ceases to do business and there is no 
successor to receive and retain his rec¬ 
ords for the prescribed period, that rec¬ 
ords shall be transmitted by reg is t er ed 
•mall to the Director, and each employee 
Individually notified in writing of this 
transfer. - ‘ 

<4) Employees or their - dedtat fa d. 
r epre sen tatives shall be provided access 
to warning and copy records of req uir ed 
' and mea su ring . r * 

(5) Fenner employees shall be pro¬ 
vided access to examine and copy re¬ 
quired monitoring and measuring records 
reflecting their own exposures. - 

nn Upon written request of any em¬ 
ployee, a copy of the medical record of 
that employee shall be furnished to any 
physician designated by the employee. 

. <n) R ep o rt s, (l) Not later ****** I 
m on t h after the establishment of a reg¬ 
ulated area, the following information 
shall be reported to the OSHA Area Di¬ 
rector. Any changes to such Information 
shall be reported within 15 days, 

(D The address and location of each 
establishment which has one or morn 
regulated areas; and 


<ti) The number of employ tez in each 
regulated area during normal operations, 
including main tens nr*. 

<2) Emergencies, and the facts ob* * 
tain able at that time, shall be reported 
within 24 hours to the OSHA Area Di¬ 
rector, Upon request of the Area Direc¬ 
tor. the employer shall submit additional 
information in wiping relevant to the 
nature and extent of employee exposures 
and measures taken to prevent future 
emergencies of . similar nature. 

<3> Within 10 working days following 
any monitoring and measuring which 
disclose* that any employee has been 
exposed, without record to the use of 
respirators In excess of the permissible 
exposure limit, each such employee shall 
be notified in writing of the results of 
the exposure measurement and the steps 
being token to reduce the exposure to 
within the permissible exposure limit. 

(o) ’Effective date*. (1) Until Janu- ‘ 
ary L 1975, the provisions currently set 
forth in 11910J3q of this Fart shall 
apply. ■ 

(3) Effective’January 1,1975, the pro¬ 
visions set forth in 1191053q of this Part 
shall apply. 

Arroauz a Hum miaum Mrnirii. 

,-* - JjCVOnUXXDK 

■ When required tests under paragraph 
(X) (1) of this •action ahow abnormalitm. 
the testa should be repeated m aoon ss prac¬ 
ticable. preferably attain 1 to 4 weeks. If 
taste remain abnormal, consideration should 
be given to withdrawal of the employee from 
contact with vinyl chloride, while a more 
oompre n enetre ersminsuon u made. 

Addttsonal testa which may be utefhl: 

A. Pbr kidney dysfunction: urine examine* 
tlou for albumin, ted blood ceils, and ex- 
InUatte* abnormal cells. 

B. Pulmonary system: Forced vital capac¬ 
ity, P or oed expiratory relume at 1 second, 
and cheat roentgenogram (posterior-anterior, 
MX 17 inches). . 

C. Additional serum team: Lactic arid de¬ 
hydrogenase. lactic add dehydreganaea 
leo snr jm s. protein determination, and 
protein electropac r esl s. ■ 

D. Por a more rompiahenslve examination 
on repeated abnormal ecrom tests: Hepatitis 
B antigen, and Urer scanning, 

{Seen. 6 and k 84 (Uat. 1594. IftOO (20 UILC. 
050, 457); fiecnrtajy of Labors Order No. 
u-n,3am«7«) 

Signed at Washington. D.C, this let 
day of October, 1974, 

Jomr SrcKDrii, 
'Assistant Secretary of Labor , 

im DOO.74-23170 piled 10-1*74;3:54 pm| 


' . ■ • r > 4 ;‘ *•*,—’** . 
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IIaJuE VlNTL CltUOKIUC Euisstox f>OCttCLr IV POLWIgTl. CK LOUPE 

X t o(.Tuckmtiu> A.xt> corot. YUEaiuTiux l'uxn 

Hocuu or \im culoridc cutftato.vs woag rsAcncc* axd coiubol rtoct- 

D0SE3 THAT CAST BE UTILIZED TO REDUCE 
AXD/Oft CUUCTATt TUE EkClMIOK* 

L rolymcrization motor denning^*, («) Rrdoction in tbe fwiufucj 1 of 

clashing. 

< fc) Automatecleaning proeeaa, 

1 (c; Maximize purging of rwutor be* 

I fore and during eiuiilnyce entry 

Into reactor. 

(rf) Employee um of air autqdled res¬ 
pirator* (type prescribed by 
: OtfHA) when denning mictotK 

2. Venting vinyl chloride from proces- Repipe Tented vinyl chloride emi**l<ma 
xiiiK equipment Internally within to a recovery system or completely 
tbe {ilant. retnore vinyl chloride front vented air 

prior to release. 

X Quality control sampling of process^ (a) Redesign sampling points to eltm- 

nate excess fiipe do wind ream nf 
sampling nlTM in order to re¬ 
duce tbe lUnonnt of vinyl cfclo* 
rid* Loot after nnpilog 

(6) Employee collecting earn pie should 
wear air supplied respirator na 
timcrlbed by 08UA. 

4* Pnw* leak* fmtn snch things aa (a) tw divert reading vinyl chloride 
. 1 «unp«. voire*, fiancee, gaskets, etc* sampling device on a tontine 

baaia for early detection of proc¬ 
ess leaks, 

(h) Chuuge pump sea la, agitator park' 
■ * * log, etc* todesign* better anllrtl 

+ to prevent leak*. 

S. Tank tor UauUug and unloading- (n> Eliminate vinyl chloride that la rx- 

haanted while loading and un¬ 
loading tank earn bj piping 
change* and venting to recovery 
system or completely removing 
vinyl chloride from rented air 
prior to rrieaa*. 

■ (h) Kmrloyee na* of air supplied tee- 

" priatom (tTt* prescribed J>y 
OHUA) white coikikectitai am! 
diraotietting line*. 

<L V*nv| chloride utottutucr lllter riuutg- <«) Bcdttce frequency. of monomer 01* 
luc. ter changing, 

( 6) Employee na* of air supplied re*?i|- 
rator ttype preacribed by 08HA) 
while changing or ciaanlng filter, 

T. I***!yvinyl chloride womu* dl*H""*al_i*rt*periy cover all potyrinyl chloride 

warie barrel*, drama, bins, etc, 

K Ruckus) tie Oiftggiiic mid drumming (e) Iiupmve lorn! exhaust ventilation 
of ftulyvinyl chloride). at hanging and dramming sfn- 

■ lions to reduce polyvinyl chh*- 
■ . ■ ride diwt and vinyl chloride gna 
etubMtonn. 

(6) Clean baghonaea and other control 
. devices frequently to Insure top 
edldency of ventUotloit vyxtem. 

(c) Employee w of air auppHod reapi* 
ramrs type prescribed by 08I1A l 
while cleaning baghonse. 









MxJOfc VfSTTL OiLoaioc ElfrwJOT flOCICE* IT Vl.m CttLouwt Motovek 
PsowocnoT Platts . . 

eOOTKXS Of* TITYL CH&QU9C EKUSZOTI TTOEK mcllCEa A«0 CnXTSflf. r*OC*> 

■ ■ D«»M TnATCAT ■tt-TIUlEOTOKBUX-C 

1 ]ID/«H KUViaiTC THI U0»^« 

1. Tank nr loading And oBloadioe- (a) Eliminate vinyl cblorid* ttmt I* rx* 

hinited «h(k hadUm and un¬ 
loading tank earn by piping 
chanen aud ventluit to recovery 
*y*tem or completely rcotorimr 
vinyl chloride from vented air 
prior to rein**. 

<b) Employe* ose of air supplied rm»l« 
tator (type prescribed by OSHA) 
while oonnocvlnff and disconnect¬ 
ing tinea. 

2* Quality control sampling of process. (a) Bedeaign sampling point* to elim¬ 
inate exons pipe downstream uf 
" sampling valves in order to re* 

' ■' done the amount of tiny! cblo* 

s. ride lost after sampling, 

i * * * <b) Employee eoUecttng sample should 

wear air supplied mediator ft« 
prescribed by OftHA. 

i Vrvctm leaks from each things «i (a) t> direct reading vinyl chloride 
iwu n pa , TtiTta, gasketa, basis for early detrcthia of pme* 

- etc. sampling device on a tontine 

■ ca leeks. 

. ' y'’* ’: . <i) Chance pomp aesls. etc. to drain* 

. better suited to prevent leaks. 
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APPENDIX IV: CURRENT OCCUPATIONAL EXPOSURE LIMITS .FOR VTNTL CHLORIDE 

(VCM) IN NINE COUNTRIES 


84 . 

Current Exposure Limits for VCM in Nine Countries _/ 

Canada(Ontario) 10 ppm TWA, 25 ppm 
ceiling 
o 

England 50 ppm ceiling, 25 ppm 

TWA 

no official regulation 

50 ppm ceiling 

50 ppm ceiling 

committee recommeada* 
tion expected by end 
of 1974 

Norway temporary ban on PVC 

production 

Sweden , 1 ppm TWA adopted on 

Oct. 14, 1974 

West Germany 50 ppm ceiling with pro* 
vise that exposures be 
kept as low as possible 


France 

Holland 

Italy 

Japan 


r 

t 

j 

i 
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/Clack, G. The Best Available Evidence. Job Safety and Health, v. 3, no. 1, Jan. 
Jan. 1975, p. 10. 
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